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INTRODUCnOK, 

In 1868 a bottr<} of offlcers of tbe Corps of Bnadneora^ consUtiiiff of 
Lieut. Col. J. C. DuaiM, MaJ. H. U Abbot, and Ibij. WUliain B. Mer- 
rill, wan convened to consider and report upon the poBtoa equipage of 
the United States Army. This board Bubmltted its report on June 
SO, 1869, and Its reeoramendations were adopted NOTemoer IS, 1809. 

The following introduction to the board's report giyss a brief hl»' 
tory of the ponton ecpiipage of our service and the salient reasons 
for the selection of the system adopted : 

PrevfouB to the Mexican War no attempt was made to organise a 
bridge equipage in our service. During this war two complete trains 
of India-rubber pontons were constructed and sent into the field. At 
its close these trains were sent to West Point, where they were used 
for the instruction of cadets and engineer troops. A full description 
of this equipage is given in the ** Professional Paper, Corps of Bngi- 
neers. No. 4." 

It soon became evident that India rubber was not at all adapted 
to the construction of pontons — 

First. From the perishable nature of the material. The <7linders 
are formed of alternate layers of canvas and India rubber. The sul- 
phur used in tlie process of vulcanization generates sulphuric actd, 
which Boon destroys the fabric of the cloth. 

Second, The extreme elasticity of this species of support gives to 
the bridge a roc^dng and oscillating motion so violent as to render it 
unsafe for the passage of animals. 

Third. The most serious objection, however, is that a puncture, 
either above or below the water line, is equally fatal to the cylinder. 
Hence, a single sharpshooter from a rifle pit on the enemy's side of 
the stream can destroy these pontons as fast as they are launched, 
t In the autumn of 1858 the India rubber pontons having become 
entirely unserviceable, expeiimenfs were made to determine the com- 
position of a bridge equipage that should be adapted to our service, 
in conducting these expenments the following fundamental rules were 
kept constantly in view: 

First. The mobility of the train must be such as to enable it to 
keep pace with all nie movements of the column to which it is at- 
tacned 

Second, The train should furnish the means of ferrying troops 
promptly and safely, as in the case of di8embarl;9.tions and the pas- 
sage of a river by force. 

Third. It should furnish the means of constructing a bridge ca- 
pable of passing an a/my with all its trains over the largest and most 
rapid rivers with safety and without delay. 

Now, under the most favorable circumstances, it is veiry difficult 
to reconcile the first and third of these rules when but one species 
of ponton is employed. In this country it Is impossible. The immense 
trains with which our armies are unavoidably encumbered, the long 
marches to be made, and the numerous wide and rapid rivers to be 
crossed, demand an equipage of the most substantial character. On 
the other hand, the extended expeditions of light columns, which 
necessarily attend out military operations, require a train light 
enough to keep pace with the most rapid cavalry movements. 

Hence we require both a (1) reserve and (2) advance-guard train. 

The experiments above named included the trial of samples of the 
bridge equipages used by those European armies most experienced in 
tbe art of military bridge building. 

Pontons were constructed after the models of the French bate" 
the Austrian sectional ponton, and the Russian canvas boat. 
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rugated-iron boats were procured, corresponding: as nearly in form 
and dimensions to the French and Austrian boats as the nature of 
the material would permit. A number of Birago trestles were also 
constructed. All of the above material, with the exception of the iron 
boats, was prepared by the enlisted men of Company A, Engineers. 

The bridges formed of this material: were exposed as much as pos- 
sible to the action of heavy loads, storms, the tide, and floating ice. 
The material wa3 almo packed on carriages of yarious patterns In order 
to ascertain tlM beat form, both of bridge material and of carriage 
for transportation. 

The selection of th» French, Bussian, and Austrian trains for these 
experiments was made after a careful study of the various equipages 
used at present by the armies of £hirope. These three nations alone 
appeared to. have definitely settled on their systems, and this after 
much experience and thorough se^earch. 

The Prussians and Spaniards were seeking for substitutes for their 
bridges, which bad proV'^d unsatisfactory. The Sardinians had 
adopted a. plan inferior' to that' of the Austrians, though similar in 
some respects. The English tin ponton had too many of the defects 
of the India rubber to answer our purposes. 

After experimenting for two years with the above-mentioned ma- 
terial, the following conclusions . were reached : The French ponton 
is superior to the Austrian in simplicity and stiffness ; as a ferry- 
boat it will transport more troops and is more easily managed ; in 
the bridge its superiority is marked. With the .Frencn equipage the 
corresponding balks of toe adjacent bays lap each other about 6 feet, 
and are firmly lashed together fuid to both gunwales of the ponton, 
which greatly increases the stre^gth and stiffness of the roadway; 
while with the Austrian, the balks must meet on a sill directly over 
the axis of the boat. The bays- thus hinging on this sill full play is 
allowed to the horizontal and vertical oscillation to which floating 
bridges are subject. 

As to land transportation, the French train requires fewer car- 
riages to transport the same length of bridge than the Austrian, since 
for each section of the latter ponton a separate vehicle is necessary. 
The length of the two carriages does not differ materially, this being 
determined by the length of the balks. 

These considerations led to the adoption of the French ponton. 

The next question was. What material should be employed in its 
construction ? Lifeboats having been successfully made in this coun- 
try out of corrugated iron, it was presumed that this material could 
be used with equ«,l advantage ip. the present case. The first boat, 
made of the same thickness of metal as the largest class lifeboat, 
proved to be deficient In stiffness when placed in the bridge. The 
corrugations, running, from bow to stern, uiminished the power of the 
sides to resist ihe vertical strain caused by the weight of the roadway 
on the gunwales. To remedy this defect, it was proposed to line the 
boat amidships with iron corrugated vertically or to introduce strong 
iron ribs. 

These expedients, though they would have Increased the weight 
beyond, that of the wooden ponfon, might have been successful, but 
they were not attempted, as the boat failed in other respects. In 
fact, it would not bear land transportation ; as in traveling over a 
rough road the Joints open, either tne rivets or sheet iron giving way. 
WhoTi 1T» the bridge, if the boat grQunds on an uneven or rocky bot- 
vm, ii liolt- is frequently punched through it, and such injuries can 
L0t b*} rt puLred in the field. The wooden ponton is not only much less 
iiibln to ^uch accidents, but can be readily repaired when they do 

Pre vi 011 ft to the, Battle of Qettysburg, a ponton bridge over the 
'tttoimi.c lU Harpers Ferry was destroyed, the pontons beltig scuttled 
in^ mi a«lrift above the rapids. . About three weeks after, th'e water 
ring fflllpn, the boats were recovered, repaired with pieces of hard- 
MdTjtritrir obtained from the commissary, and used m constructing 
■BwAr Berlin, over which the entire army passed tnto Virginia. 




With rcflard-to ti»e canTaa byat, it so^n became i^iMrent. tluit it 
was precisely what we reqaired for our advancergnatd triln. It ,1a 
llghtr sUnf^, strong, ea^iliy repaired, and when packed can safely' 
be transported with the superatmctiu'e of the bridge as rapidly as 
any column of trjoop? can niove. A strong argument In &,vor of its 
adoption was that It had been used successfully by the Kussians for 
more than a l^undred years, under every variety or circumstances 
Ukely to occur in this country. 

The selection of the carriage for transporting the hridg^ material, 
was next taken up. The French ponton wagon Is not .adapted to our 
rough roads. The wheels are too small and can not be increased in 
diameter without raising the load too high above 1;he groun^. 

A carriage was finally devised on the, principle of the four-horse 
truck «8ed in the city of New York. By me^ns of the horizontal fifth 
wheel over the front axle, and of an inclined wagon bed, forward. 
wheels of the requisite size were enabled to reverse completely' under 
the load, thus aJUowipg the carrii^giB to taj:;n in .a short space. This 
construction Is absolutely necessary when so long-geared wagoni^ 
tr&Tel over a crooked road. 

JETor the chess wagons and canvas train, a similar wagon :^ould, 
without doubt* have answered the purpose perfectly, so far as trans- 

S>rtation was concerned; hut the ordinary baggage wagon of the 
oartennastev- Departmenti with some modlficauona, was . used on 
account of the facility with which it could be obtained and the readi- 
ness with which spare parts could be procured for repairs In the 
field.'. 

The Blrago trestle, which liad. been recently adopted by most of 
the Buropean nations, was also thoroughly tested; and, the result 

Sroylng &vorable.lt was propo^ to employ it In connection with 
tie pontons of both trains. •• - j 

£^m the information gained, by these experiments there results 
the system of bridge equipage adopted at the commencement of the 
late war* During the winter qt 1861-02^ five trains were constructed, 
each composed of 34 pontons and -8 trestles— the pontons bein^ nearly 
of the same form and dimensions as the French bateau. The fram^ 
was somewhat different, the ribs being entire and strongly Irdned, 
and the Ironing stronger throughout. The stern was provided with a 
locker. There were also other, alterations ih the details of construe* 
tion. The balks were stronger^ and the Blrago trestle was modiiled 
by substituting built beams instead, of solid ^tlmbei; for the trestle 
caps and balks. . 

At the same time several canvas traii^s were organized. In con- 
structing; the ponton, frame, the dimensions , and form of the Russian 
boat were exactly retained. The scantling for the fram^ was cqu,- 
sidembly lighter,- but being strongly braced and ironed, the ^e;ngth 
was about the same. One train was composed of canvas bo'afs and 
trestles, being, in trath,>a trestle train with auxiliary pontons to 
be used only where the depth -of water , oc muddy bottom prevent th^ 
use of trestles. 

In the month of February, 1862, a ponton bridge, composed of 
about GO boats of the reserve train, was thrown across the Potomac at 
Harpers Ferry. The river was then a perfect torrent, tlu^ water being 
15 reet above the. summer, level and Jilfd with driftwood and floating 
ice. The gcefttest difficulty wss expenei^ced in pulling, the pontons 
into. position, and it < was necessary to make use of ship anchors and 
chain oahlea to hold them in- place; , Notwithstanding these uufavorr 
able drcumatancesk the bridge was completed In abqut eight hours, 
and the .corps commanded by^Oen. Banks, with all lis trains, aip4 artil- 
lery, passed over it without accident or delay. 

Several of- these trains aeeemps^ed the Army in thje Fenihsulaf* 
campaign. The -pontons were used In discharging quartermaster 
and .commissary stores at Ship. Pointy tn. disembarking Gen. Frank- 
lin's command at West Point, and in constructing bridges over UaiTipr 
ton Creek, the olreams In front of YoYktown, a^d the upper Chicka- 
hominy. Finally- a bridge was built over tne lower Chlckahominy, 
about 2,060. feet along* over which nearly the whpltj.Army df.the 
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Potomaa with Its Immense trains, artillery, and cavalry passed with 
promptness and safety. 

After the army had passed, the bridge was dismantled and the 
halks, chess, etc.. packed into the pontons which were formed taito 
rafts and towed by steamers to Washington. The bridge trains were 
next transported to Harpers Ferry where a bridge was constructed 
a second time, but under entirely different circumstances from that 
built during the preyious winter. The water was now not deep 
enough, and as it continued to subside shortly after the bridge was 
Icld, many of *the pontons grounded on a very nneten and rocky 
bottom. Some of them were completely out of water, yet the heavy 
trains continued to move over the bridge without seriously injnrtiig 
them, and when the water rose most of them floated as well as ever. 

Discovering in this way that the boats were much stronger than 
We had supposed, we were enabled to improve the method of bridging 
tidal streams. 

It had formerly been considered necessary to build out to* low- 
water mark with trestles so that the ponton should always be afloat. 
The bridge is now commenced at high-water mark, building with pon- 
tons alone. As the water subsides, the pontons nearest shore ground 
successively, forming a gentle ramp from the abutment to the ooatiBg 
portion of the bridge instead of making the descent in 20 feet, as for- 
merly. This method, of course, applies only to wooden pontons and 
to cases where the bottom is favorable. 

During the Fredericksburg campaign it became necessary to force 
the passage of the Rappahannock. The enemy having entrenched 
themselves on the bank, prevented for some time the construction ot- 
the bridge, until at length troops were embarked .In the pontons and 
ferried across, where they stormed the rifle pits and held them tmtU 
the bridge was completed. 

During the year 186S the ponton trains accompanied the army 
in all its marches backward and forward through Virginia, frequently 
bridging the Potomac, Rapidan, and Rappahannock. In the latter 
stream the bridges remained in position all winter and, notwithstand- 
ing the frequent floods and the quantity of Ice formed, but few In- 
terruptions occurred upon these thoroughfares. 

During the campaign of 1864 trains composed of 14 pontons and 
2 trestles accompanied each of the three army corps of the Army 
of the Potomac. These trains attended their corps in the long marcn 
from Culpeper to the James River, and although the roads were fre> 
quently very bad. In no instance did they delay the march of tlie 
troops or arrive late when a bridge was to be laid. 

The headquarters train was followed by a canvas train, which, 
when a crossing was to be made by surprise, was sent forward with 
the caTalry, who covered the construction of the bridge and held the 
position till the main body arrived. 

On reaching the James River a bridge was laid opposite Charles 
City Courthouse about 2,000 feet in length. The wafer was so deep 
and rapid that the pontons could not be held by their own anchors, 
and St was found necessary to attach their cables to schooners an- 
chored above and below the bridge. 

Thus the Wooden ponton train, through four years of war during 
which the bridges constructed were without parallel In number and 
magnitude, amply fulfilled all the requisites of a good bridge eqnipage. 
The frequent crossing of the ChlcKahomlny, Potomac, and James 
Rivers proved that, even under the most unfavorable circumstances, 

{t could furnish a bridge capable of passing a large army with Its 
leaviest trains over vnde and rapid streams with safety and dis- 
patch. 

Its capabllfties in ferrying troops were shown at Bhlp Point, West 
Point, and Fredericksburg ; and of the mobility of the equipage there 
was abundant proof In the long marches during the last two years 
of the war. 

The canvas equipage also was perfectly successful as an adrance- . 
guard train. In the cavalry raids it was always able to keep pace 
with the columns; and, although they frequently marched hunveds 



of miles. It vnM laraiiablf ready te fturnlah a prompt and seeure 
means of erosttiir all tlie streams on tlKlr route. It also offtoi fnr- 
nished bridges for tbe beaTy trains of tke annor over streams of 
moderate width and rapidity. 

Tbe only part ct tbe oridfe equipage which did not realize all our 
expectations was the Blrags trestle. 

As already stated, a train was organised early In the war on tbe 
Austrian principle, in which the trestle Is the main dependence, the 
pontoon being merely auxiliary. It was supposed that many stieams 
would be encountered which could be bridged best with trestles alone, 
but ncme such were met with. In fact when a stream Is more than Z 
feet deep, a ponton bridge may be laid; when less than that depth, 
if the bottom is hard, It may be forded and no bridge Is required ; 
should the bottom be soft, the trestle legs will usually settle so as to- 
render the bridge unsafe. As It was not deemed advlBable to trans- 
port with the army a train which could only be used In exceptional 
cases, this description of equipage was abandoned. Tbe trestle was, 
however, very useful as an auxiliary, eRpecially with the canvas train ; 
for as these boats when In tbe bridge should never be allowed ta 
touch the bottom. It Is frequently necessary to build out several baya 
from the shore before sufficient depth of water can be obtained ta 
float the ponton — and for this purpose nothing could be better than 
the Blrago trestle, which Is also equally useful for a similar purpose 
with the reserve train when the river bottom is rough near the shore. 

The canvas train was extensively used by tbe western army, and. 
with such success that it was proposed to employ it exclusively. Ex- 
perience, however, in the East has clearly proved that this train caa 
not fulfill all tliat is required of the bridge equipage of a large army. 
The bridges of the Potomac and James ttlvers could not have beea 
built with canvas boats, which will not resUt ice and driftwood ; 
ii^ther are they suited to the disembarhatlon of troops or the pas- 
safl^ of a river by force. 

Experience would therefore lead us to concur with Gen. Barnard 
in his remarks on this subject, viz : 

** The numerous proposers of ' flying ' bridges forget that if a 
military bridge is Intended to be carried with an army It is also in- 
tended to carry an army. Its columns of men, Its cavalry. Its count- 
less heavy wagons, and its ponderous artillery. It must carry all 
these, and it must do it with certainty and safety, even though a- 
demoralised corps should rush upon it in throngs. 

*' No makesbiit expedient, no ^ ingenious ' invention not tested by 
severe experiment, no light affair of which the chief merit alleged la 
that It is light, will be likely to do what is required and what the 
French ponton has so often done." 

Bxperlence with tbe ponton equipage since 1869 has indicated no 
necessity for any radical modification of the adopted system. The 
Blrago trestle has been replaced by one of stronger design, and 
minor modifications in the carriages and parts of the equipage have 
been made where such modification has been shown by experience to- 
be desirable. The provision of a standard equipment for engineer 
troops has permitted a material reduction in the list of tools and. 
supplies for the ponton tool wagon, the addition thereto of the essen- 
tial parts of the load of the traveling forge, and the omission of the 
latter. 

Experiments have been conducted with a view to the substitution 
of steel for wood In the construction of boats for the heavv equipage, 
but the conclusions drawn therefrom do not warrant such a change 
as long as suitable materials for the construction of wooden boats 
are readily available. Experiments have also been made with a view 
to the introduction of a sectional boat which would permit of the 
construction of both heavy and light bridges and thus avoid the 
necessity of two types of equipage, but thus far these experiments: 
have given no Justlncation for the adoption of such a system. The 
tncresising difficulty of obtaining suitable wood, and the improve- 
ments In metal construction, have led many nations to use metal 
pontons. Except for water-tightness, metal boats have no advantagep 



wooden ones, wMle tteir dlfiadrantaipes «re nsmerous. Tlt^ 
mely light metal boats used witb Bnropean'cavftLry are considerec 
.▼e no advantages offer onr canvas pontons, it indeed they ar< 
ly good, and there is no question. but tltat the existing advance 
1 equipage will- be able to follow the inovements of the cavalry 
ion. Our equipage is the result of the ripe experience galnec 
e extensive operations of jostr Civil War and was adopted by c 
I of veteran experts while the facts of the war were still fresl 
eir memorleSi Since then, there hav^ been no military operatiozif 
hlGfa pontons have received any test approximating the ones 

in our Civil War nor have any basic improvements been made 
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PHRBIBS AND KXPEDrEI^TTS FOK THB PASSAOH OF RIVEES. 

1. General cftw44tton» — Wbaa aa army in the fteia 4nd8 its march 
Interrupted by a river, It may effect the passage of this obstacle 
either by fording, by pasaiiflg on ice, or by boats, rafts, ferries, or 
military bridges. As a principle the crossing of important streams 
should be effected by bridges; tf these are constructed with bridge 
equipage, they s]¥>ula be replaced as soon as possible by other bridges, 
to permit the equipage to accompany the advance of the army. 

2. BeconnoiMMuice* — ^The selection of the place and means of crossing 
a river is determined by a reconnoissance, which should be as 
detailed and extensive as circumstances will permit, and in which the 
ofBcer in charge of preparing the passage should take part. Tactical 
considerations will ordinarily determine the limits within which the 
crossing must be made, but within these limits technical considera- 
tions govern the selection. 

PASSAGE BT FORBS. 

3. A river with a moderate current may be forded by infantry 
when its depth does not exceed 3.5 feet and by cavalry when its 
deptli is not greater than about 4.6 feet^ Artillery and wagons 
can cross a ford about 3 feet deep, but if the contents of the wagon's 
are to be kept dry the maximum allowable depth is about 2.5 feet. 

4. Fords are unreliable stream crossings, atid should be replaced 
by bridges at the earliest opportunity. A rise in a river may render 
it unfordable ot a ford may be worn out by an army before the. com- 
pletion of its passage. Fords are ordinarily used only by small 
bodies of troops without bridge equipage, although there are in- 
stances where whole armies have crossed oy them. 

5. The requisites for a good ford are that the banks be low, but 
not marshy ; that the water attain its greatest depth gradually ; that 
the current be moderate and the stream ^ot subject to sudden 
freshets ; and that the bottom be even, hard, and tenacious. 

6. Mountain streams are generally more frequently fordable than 
alluvial ones, but are also more liable to freshets, and the bottoms 
are frequently covered with large stones, rendering the passage of 
wheeled transportation nearly or quite impracticable. In level 
countries the case is often, still worse, the bottom, either of mud or 
quicksand, being impassible both for men and carriages. Sometimes 
tho bottom is composed of fine sand which is hard enough, but which 
by the action of the hoofs of animals is stirred up and washed away. 
Increasing the depth until the stream becomes unfordable. The best 
bottom is coarse gravel. , 

7. Location of fords. — Fordfi aro usually found In the wider and 
more rapid parts of the river. A strpam not fordable at right angles 
to the current may be fordable In an oblique direction between bends. 
Tracks leading into th^ water and reappearing on the opopsite bank 
indicate a ford. A line of water differing in color from the water 
above and below it and extending unbroken and usually obliquely 
across the stream frequently indicates a ford. If the line of color 
be broken, the gaps ar^ » geni^rally . deep, channels which are not 
fordable. 

8. Th^ position of fords may be determined by sending a number 
of mounted men across wherever there Is a probability of the' river 
being shallop enough. The most certain method Is to noat down the 

11. ' 
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streftm in a boat, keeping it in the swiftest part of the current, 
where the stream is usually the deepest. Over the stem a sounding 
line or pole is held at the proper depth; when this touches bottom 
the riyer is fiiounded across, either directly, obliquely, or both. 
When the ford is discovered both ends should be marked and the 
prominent landmarks noted bo that it can be. easily recognized and 
a gauge should be established in order that any variation in depth 
may be ascertained. 

9. Fords delay columns, unless the troops can cross at several 

{tlaoes at once. Additional fords should, therefore, be sought despite 
he denial of their existence by the inhabitants, especially in hos- 
tile country. 

10. Preparation of fords. — Dangerons fords should be clearly marked 
by strong pickets driven into the rivor bed above and below the 
ford, their neads being connected by a strong rope which is securely 
anchored to the shores. Lanterns or torches are placed as range and 
beacon lights to mark the ford at night. 

11. After a freshet the ford should be reexamined lest some altera- 
tion may have taken place in the bed of the river. 

12. A river which is not fordable may sometimes be rendered so 
when the only obstacle is too great a depth of water over an extent 
of 8 or 10 yards by filling in this portion of its bed with fascines 
loaded with stones or with stone and gravel. When the water is 
sluggish or muddy a ford may be improved by covering the bottom 
witn weighted bundles of coarse grass, rushes, or brush. The same 
method is used to improve approaches through soft sand or mud. 

13. The passage. — An officer with a suitable detail of troops is 

E laced in charge of the passage. It is nts duty to see that the ford 
1 kept marked, repairs promptly made, men washed away rescued, 
and the passage made in such order and formation as will cause the 
least damage to the ford. He will communicate with the commander 
of each regiment or smaller independent unit before its passage, and 
his instructions for the passage must be strictly observed. 

14. Infantry pass In column of squads, rifles siting, the men in 
each rank holding to each other. The distances between squads are 
made sufficient to prevent damming the stream. The men incline 
their bo<Ues toward the current, fix their eyes on the opposite bank, 
and do not look at the water. Passages have been effected In swift 
water, waist deep, by stretching a rope across the stream to give a 
handhold for the upstream man in each squad. 

16. Artillery and wagons pass In column with distances sufficient 
to prevent damming the stream. 

1(3. Cavalry pass In column, usually of twos. The horses are 
taken directly across without allowing them to stop to drink. 

17. In all arms the formation for passage is taken up at least 100 
yards before reaching the ford and is maintained for at least 100 
yards after passage. The commander of each unit sees that his men 
take the required formation. 

18. If required boats are used during the passage, some being sta- 
tioned below the ford to assist men who may be carried down by the 
current. When boats are lacking, this duty may be performed by 
mounted men, and a life line may be stretched across supported on 
casks or other floats. 

19. Destmedon of foids. — In a retreat it is freouently advisable to 
destroy a ford after having used It. This destnicnon may be effected 
by digging trenches across the ford parallel to the current ; by ex- 

Slodi^ charges of explosive on the bottom of the deepest part j by 
lling the deepest part with harrows, teeth up, or with planks filled 
with spikes, crowVfeet, barbed wire, or other obstructions; b; 
scarping the biuiks, etc. 

PASSAGE ON ICB. 

20. Crossing a river on ice should never be counted upon in i 
plan of camjMLign and should be made only with great circumspection 
A slight change ef temperature may not only suddenly destroy tht^ 
->atural bridge, but the fioating ice may render the river impassably 

f any method for a considerable time. 
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21. The bearing poww of Ice T«rieB fveatly. Fre«b boubcI ice in 
flotttng contact with tlie water has muck greater fitreagth than rot- 
ten or arched ice. Ice la generally thicker near the banks than in 
midstream. Before attempting a iMissage, the thickness of the ice 
tcross the entire stream shonid be tested by cutting freqttent holes 
which will serve also to Indicate the quality of the ice and to detect 
and arching. New sound ice In floating contact with water ¥rill bear 
the followmg loads: 8 inches, small groups of men; 4.6 inches, 
avalry in small groups; 7 inches, wagons and field guns; 9 to 12 
inches, the heariest loads with an army. 

22. Expedients. — ^Two tracks of planks laid on the ice for the car- 
riage wheels to run on may be employed when there is any doubt as 
to its strength, or the wagons may be transformed Into sleds by 
fastening planks under the wheels. A better foothold for the horses 
is provideo by a slight coat of sand, earth, cinders, straw, or other 
soitable covering for the ice. 

23. The thickness of ire may be increased, when the temperature 
Is low enough, by slightly flooding Its surface, the water being re- 
tained by a light earthem dam. The thickened ice must form a 
belt at least three times the width of the roadway. Six or eight 
Inches of straw, twigs, or manure, laid over a belt three times the 
width of the roadway and well flooded will, when frosen, often Insure 
a lafe passage^ 

24. whoi the river is frosen on each side, but open in the middle 
hi consequence of the velocity of the current, a boom stretched 
across the open space wtU often check the velocity sufficiently to 
eanse the water to freese. Trees or other obstrnctlons may serve the 
same purpose. Cake%of ice floated against the obstruction hasten 
freesing. 

25. Passacehr-^The officer In charge of the passage is responsible that 
the means and method of passage are such as to give the greatest 
degree of safety. He will advise commanders of regiments and 
smaller independent units of the provisions to be made for passage. 
His instructfons for the passage win be strictly complied with. Care 
must be ta.ken not to let the men crowd upon the ice. 

FASSAdB bAoATS. 

26. The passage of nonfordable rivers is ordinarily effected by 
military bridges or by ferries. There are times, however, when the 
CDemy by lightly holding the opposite bank at the desired point of 
erossing, can effectually prevent passage by either of these meauR so 
long as he holds his position. In such cases it Is necessary to force 
a passage by transporting a body of troops across the stream to drive 
away tae enemy so that a bridge or ferry can be constructed, for 
it is practically impossible to constmct a bridge or ferry under short- 
lange Are, even when favored by fog or darkness. The first step in 
the construction of any bridge, where opposition Is expected, is the 
crossing of a covering detachment. In order that the covering de- 
tachment may not be overwhelmed, the bridge must be constructed 
with the least delay. In addition to pontons it is desirable to use 
other boats for crossing the covering detachment as far as practicable, 
some pontons being reserved to commence the construction of the 
bridge. 

27. The point of passage being decided upon, all available boats will 
be collected. A small stream which Is sufficient to float the boats, 
Affords concealment for the work of preparation, and enters the main 
stream near the point of passage Is most favorable for assembling and 
loading the boats preparatory to entering the main stream. The land- 
ing on the opposite shore should be farther downstream than the 
point of embarkation, as the loaded boats will drift with the current. 

28. The knowledge that boats are being assembled at any spot 
win cause it to be carefully watched by the enemy. It may, therefore, 
be necessary to carry the boats by hand a sufficient distance to 
prevent the sound of wagons being neard. This was done at Pred- 
crlckaburg, where 20 heavy pontons were transported nearly a 
mile in three hours and launched without discovery. Thirty men 
Were required for each boat. The boats were turned upside down 



fAd ci^rrlea qu poles. «))0ii!ti 10 fo«t .Ions, wMoli were.plaoM under 
tne gunwales. These pi^les were supported br .the taanos, the aiou 
e^ctended at full lengths Boats may oe carried two or three humdral 
yards in this maqner without resting. In smooth grassland or 
through mud a ponton may be easily moved by dragropes, utm 
either men or anuaals. For long distances & temporary sled, mad? 
of two stout planks with suitable crosspieoes, should Be employed, i 
A ponton may be dragged many miles In this manner. Canvas pool 
tons may be carried on the shoulder long distances by 10 men, but 
the difficulty of rowing makes them less suitable for forcing a passage 
.than the wooden boats. 

29. Capacity of boats.— When transporting troops* a ponton should , 
not be loaded to less than 1 foot of freeboard. The normal capacity' 
of a heavy ponton is 30 men in addition to the crew and that of 
a canvas ponton is 20 men in addition to the* crew. These numbers 
may be increased in quiet water or narrow streams.^ The safe loads 
of other boats are determined by actual tests. The number of men 
and the crew carried should then be marked on the stem of thei 
boat. The available buoyancy of a boat for use in a biidge may be 
similarly tested, allowing 160 pounds for unarmed men without 
equipments and 200 pounds for men fully armed and equipped. 

30. The boats are arranged along the shore accotdiiig to size and 
numbered, the smallest boats being upstream. The boats are mooredi 
by the stern to the bank not less than 12 yards apart, and the pon-i 
toniers take their prescribed positions. Two extra oars are sup^ 
plied to replace any broken or lost. To shove off the boats a detail 
is provided, which remains behind when the start ia made. Tbt 
flotilla is now ready for the troops to embark. _ 

31. Passage. — The passage is eiTected under fne charge of an offic«r« 
who is assisted by the nece^isarv details. The instructions of the 
officer in charge and of his assistants will be strictly complied with. 
The troops will be instructed to preserve silence . during the paa- 
sage; to remain steady, no matter how much the boat may rock; 
not to crowd the oarsmen ; and under no circumstances to open fire 
while in the boats. 

32. The troops are divided ^to detachments, assigned to boats, 
and given the necessary instruffuins, ^thor at the halting place or, if 
time presses, on the march. Each detachment is provided vrith 
the number ai^d loa^tion of its boat and, if possible, a guide. Due 
regard will be had for the preservation of tactical units in assign' 
ing detachments to boats. 

33. The m^n enter by the stern and advance as near the bo« 
oarsman as the sweep of his oar will permit, taking their placet 
alternately against the right and left gunwale. When the gunwalei 
are full any Intermediate space is flUed. The men next to the gun< 
wales sit on them, while the others squat down in the boat. If tbt 
boat grounds in loading, the detail on shore pushes it farther out 
and the remainder of the detachment enters by wading. Aa soon 
as the boat is full the crew is quietly brought to the position oi 
OARS. When pontons ar^ use^ their bottoms are floored with chess 

If canvas pontons are used, they must not be allowed to ground 
The detachment enters by wading and sits or kneels on the cdiess lak 
in the bottom of the ponton. 

34. As soon as the chief of the flotilla ascertains that all is in 
readiness he gives the sl^oal to advance, usually embarking himseli 
in the upstream boat. This boat is always the guide, and everj 
^ertlon is made to keep it perpendicular to the thread of th< 
current, unless it must be headed upstream in order to reach a 
good landing place. The proper intervals are carefully preserve* 
by the other boats, and as soon as any boat touches the opposit< 
shore the troops disembark, passing over the bow. If a boat grooDOi 
in. the passage. Its chief causes some or all of hia oarsmen to brmJ 
their oars to the position of OAHS, to transfer them to the nearer 
soldiers, and to Jump overboard and disengage the boat. When nc 
further progress can be made the troops disembark and wade ashore 
•» '- ■ " " — — ■^ — "' - • ' ""■ — ' ■ ■ — "^ 

' »At Fredericksburg 50 men were IJetried in each heavy ponton. 
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An soon AS tl^e boats are uiUoaded the chief of the flotUla causes 
It to go back for another detachment. Under no pretext whatso- 
ever win any one, except officers bearing dispatches, be carried on 
the return trip. 

35. Passage of cayalry. — Cavalry are rarely crossed In boats If the 
passage Is opposed. The preparation of the boats 16 the same as for 
infan&y, except that fewer oarsmen are re<]fuired and the flooring 
of chess may be omitted In the wooden poiitons. The horse equip- 
ments are placed In 'the boat. The cavalrymen take post on each side, 
leading their horses by the bridles. The boat Is pushed off and taken 
straight across, the horses swimming by the sides. The cavalrymen 
hold their horses' heads well up, supporting them with both the 
bridle and the hand. As soon as the horses strike bottom they are 
led ashore successively, beginning with the one next to the bow. 
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B*io. 1. — Horses swimming. 

If possible, a landing place Is selected where the bank slopes gently 
to the water. When thei*e Is little or nq current, .the horses can be 
swum on both 'sides; if there Is much current, the horses can be 
Bwum on the downstream side only. When pontons are employed 
six horses can be swum on both sides, or three only on the down- 
stream side, according to tlje strength of current 

PASSAGE BT RAFTS. 

36. The transportation of troops and material over water areas 
may be required at times for purposes other than that of forcing a 
passage, in such cases boats will rarely be used exclusively, as it 
will generally be found more advantageous to build rafts from the 
boats or other material and use these In whole or in part for trans- 
portation purposes. 

105238'^— 17 2 
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TJnder conditions where opposition by the enemy is, not feared and 
a crossing by surprise is not contemplated, preparation for crossing 
a river can be conducted with greater deliberation ; boats are col- 
lected and rafts constructed either from the boats or from casks, 
lumber, and other suitable material, and where the banks of the river 
are too steep to afford satisfactory landing places they can be pre 
pared by digging. 

If boats are used either alone or In conjunction with rafts, the 
manner of eflfecting the crossing with them is, in general, the same as 
when a passage must be forced, with the exception that for mounted 
troops it is preferable to cross the men without their horses, and 
then swim the latter in the manner shown in figure 1, or when boats 
of sufficient size are available, the horses may be actually carried 
across. In this case the horses should be placed crosswise facing 
alternately .up and down stream, so that they will not be thrown 
down by the rolling of the boat. 

When rafts are to be used in conjunction with boats to effect the 
crossing of a river, they should be placed downstream of the latter.i 

37. The passage of all arms may be facilitated by contructing al 
raft formed of two boats covered with a platform. Not only mai 
artillery, cavalry, and trains be transported by this means but also 
infantry in much greater numbers than by using the boats separately^ 
A good boat raft can be maneuvered by oars with nearly the sam^ 
facility as a boat. 

38. To construct a raft from five to seven beams of the same thickj 
ness are laid across the two boats, the interval between the boats 
being such as to allow the beams to extend about 2 feet beyond the 
outer gunwales. The beams are lashed to the boats and coYered 
with planks, which are kept in pla^e by two side rails laid directi] 
over the outer beams and lashed down to them. The extreme plann 
are nailed down. The size of beams is regulated by the load and 
the interval between the boats. I 

39. The heavy pontons of the bridge equipage are well suited 
to the construction of rafts. The method of construction is showi 
in figure 2. A single bay of bridge is built, using seven balks aj 
roadway bearers, spiking down the last two chess at each end, ad 
securing the remainder of the floor by side rails. Each balk is lasbed 
to both gunwales of each ponton. The light pontons can W 
similarly made into a raft, but such rafts are not easy to manas^ 
where the current is moderately swift. j 

40. Rafts made of timber may be used for the ferriage of troon 
or for floating piers in a bridge when other materials are not d 
hand, but it is to be observed that there are verv few varieties o| 
timber in this country which possess the requisite buoyancy whei 

Seen. Such rafts are secure against being sunk by hostile fire bd 
ive the defects of small and decreasing buoyancy, great weight 
ind bulk. 

41. A timber raft should be at least 35 feet in length, and shoul^ 
>e made from the largest and longest timber available in order t^ 
^ve it suflicient stability. Squaring the timbers will be word 
:han useless, but irregularities, such as branches and knots, shoulj 
oe trimmed off. The raft must be built in the water, preferably d 
a place where there is iittle current and where the bank slope 
gently to the stream. The timber is thrown into the water anj 
moored to the shore at the place selected for building the r&ti 
After the position which the stick naturally assumes in the wate 
has been ascertained the end which is to be upstream when in tU 
TB-tt is drawn up on the shore and the lower side is beveled, so a 
to present less obstruction to the action of the current. The timbe 
is then arranged in the position it is to have JUi the raft, the butt 
alternately up and down stream and the upstream ends so arrange 
as to form a salient. 

42. Assume that a raft is to be constructed of 20 logs. 47 fefl 
long and averaging 12 inches in diaineter. (Fig. 3.) The firs 
log is brought alongside the shore and the ends of two transom 
are spiked to it about 3 feet from each end. The log Is thei 
pushed off a little and a second log is brought up under the trad 
soms and in close contact with the first. The transoms are spikd 
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to the second log, and bo on for each of the remaining logs* care 
being taken to alternate the butts, to place the beveled ends up- 
stream with the berel underneath, and to have the transoms per- 
pendicular to the logs. When the bank is too steep to admit of 
this method of construction the logs may be floated into their 
proper positions, lashed together, and the transoms spiked on. If 
the logs are of nearly the same size, the center of gravity will be 
near the center of the raft. 

When a platform is to be constructed on the raft two additional 
transoms, about 8 inches wide bv 6 inches thick, are fastened at 
equal distances from the center of gravity of the raft and at a dis- 
tance apart equal to the width of the platform. 
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Fio. 2. — ^Baft from the equipage. 

If square timber can not be had for transoms, saplings 7 or 8 
inches in diameter may be used. Intermediate transoms are laid at 
distances apart depending on the strength of the planking used. 
Tlie si»e of this platform must be regulated by the buoyancy of the 
raft. A single course of logs will not have sufficient buoyancy to 
sustain troops covering its entire surface. When necessary several 
courses of timber are employed, each perpendicular to that below it, 
and the whole firmly united with pins or lashings. All transoms 
should have a bearing on all the logs forming the raft. To effect | 
tbis the larger logs should be adzed down and the smaller blocked 
up to th^ tninsom. Transoms may also be fastened vrith driftbolts 
oi wooden pins, or each log may be lashed by passing a rope around 
it and the cransom and twisting it tight with a rack stick. 
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When the raft is to be used in a. bridge the two intermediate 
trans&ms are separated by. a distance a little less than the length 
of the roadway planks and placed at eouaJl distances from a point 
somewhat astern of the center of gravity of the raft, in order to 
counteract the downward pull of the cable on the upstream end. On 
these transoms titree supports d d d are spiked to receive the balks. 
A piece of plank is nailed on the upstream end to prevent the cable 
from getting entangled in the raft. 

43. When the logs are less than 86 feet in length the following 
method of construction is employed : The small ends of half the 
logs are beveled and a raft is formed similar to that described 
above, except that the butts are all downstream. The remaining 
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Fig. 3. — Raft with shdrt and long timber. 

legs are then brought butt to butt with those in the raft and fas- 
tened to them with iron clamps or dogs or by spiking a piece of 
plank across the two. A tran^m is spiked on the stern and the 
central transoms provided as in the preceding example. A transom g 
' then placed a little forward of the center of gravity of the see- 
on a and a transom . k a little astern of the center of gravity 
I the section c. The strong timbers ,d d extend over the four in- 
rlor transoms. These timbers support the balks and distribute 
le load over the entire raft, without tending to s^M,rate the sections. 
44. Rafts are sometimes constructed for flying ferries In the form 
/ a lozenge — ^the acute angles being about 55*--hbo that when two 
of the sides are parallel to the direction o^. the current the up- 
stream side is in the most favorable position for the action of the 
current. 

46. For use in a bridge ^a raft should be able to sustain at least 
16,000 pounds. The same expedients are employed for the anchorage 
of rafts as for boats. It must, l;Lowever, be borne, in mind that a raft 
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offers a much greitter •JiMtractiwi to the eurrent than a boat and that 
the strain on the Gables is proportionally greater. 

46. When barrel* are available floating piers eaii be constmrted 
therefrom an4 used either as supports for bridges or for the oonstmc- 
tion of rafts. A barrel completely submerged will support roughly 
eight times as many pounds as its total contents in tfnited States 
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Plan 

Fio. 4. — Complete frames. 



kallons, but an allowance of from 20 to 25 per cent lor safsty must 
yt made, as the barrels must not be completely submerged. 

47. Barrel piers may, be <;onstructed in either of two ways : By the 
Bse of frames or by the use of timbers and lashings. Figures 4 and 
S show two methods of construction using frames. These methods 
consist essentially in the constru^ticui of inverted crates for .holdlug 




Fig. 5. — Lashed frames, 
he barrels. The other way is shown In figures 6 to 9. In this the 



Two rope slings with an eyc-spUce at one end are then passed around 
lie barrels tp the ends of the gunwales, drawn tight and lashed as 
Jiown in the figure. Lashings of 1 inch circumference rope, about 
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18 feet lODg, with an eve-splice at one end and a figure-of-eight kno 
about 18 inches frpm the eye^ are used for lashing the gunwales an 
slings to the barrels in the following manner: The eye of a lashiiu 
is passed under each sling at each (nterral between barrels and m 
6ther end of tfie lashing is pnt through the eye and pulled taut, bot] 
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Fig. 6. — Lashed barrel piers. 

sides being lashed simultaneously. Each lasher takes a turn to tb 
left aroun^ the gunwale exactly over the eye of the lashing, pulls ao 
holds the lashing taut and places its free end on the barrel to hi 
left. Each lasher then takes the coil of the lasher opposite bli 
from the barrel on his right and passes it around his own lashio 





Fio. 7. — Lashed barrel piers. 



Fio. 8. — Lashed barrel piers. 



and then places its free end on the barrel to his right, taking 
that the turn of the lashing Is below the flgure-of-eight knot. _ 
lasher then talces his original lashing from the barrel on his 1( 
and, passing it under the gunwale, prepares to tighten up. T 
lashers tighten up their lashings simultaneously, putting their le 
feet against the gunwale and rocking the pier while taking up slar 




Fig. 9, — ^l4ished barrel raft. 

Each lashei^ then takes a turn around the gunwale and two 
baches around the two parts of his lashing close to the gun^ 
drawing the two parts close together and placing the free end of ^ 
rope between the barrels as shown in figure S. Mooring cables 
Attached, to a transom securely fastened across the gunwales, 
punching, care must be taken not to injure or displace the ropes i 
chafing on the ground. After launching, rafts may be formed fr<^ 
.barrel piers in a manner similar to that described for boats. 
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48. The same rules apply to the passage of troops on rafts as In 
boats, attention being paid to the following circumstances: That 
rafts drift more than boats, consequently the landing on the opposite 



sliore will be farther downstream; and that, as the embarkation Is 
easier, there is more danger of overloading the raft and of confusion 
In embarking. Infantry enter by the flank and first occupy the 
middle line of the raft ; a rank is then added alternately on the up 
and do¥ni stream sides until the raft is loaded. Artillery and heavy 
carriages are placed in the center and cavalry horses as when cs/rled 
in boats. 

Rafts possess these advantages over single boats, via, the embarka- 
tion and landing of all arms Is easier; they carry large numbers at 
each trip; they draw little water. 

They can not, however, be navigated with the same facility as 
boats or directed with certainty on a fixed point when the stream is 
rapid, and in this case it is often imposnble to bring them back 
against the current to the starting point. 

I^ally, the length of time reqmred for their construction forbids 
their use when a passage is to be forced. 

When the material for rafts is limited, the passage of a river can. 
In general, be executed more rapidly by means of ferries. 

PASSAGBS BY FERRIES. 

49. The types of ferries commonly used are the rope terry, the 
trail ferry, and the flying ferry, the latter two being also known as 
trail bridges and flying bridges. 

50. Bops ferry (fig. 10). — ^The rope ferry, which is used in streams 
with sluggish currents, consists of a floating support, either a raft 
or a suitable boat. It is drawn by hand along a rope or chain 
stretched from bank to bank. To facilitate a grip on the rope a 
handle (%. 11) may advantageously be employed. A rope ferry 
may be constructed by laying a cable or chain across the stream, an- 
choring its ends, and taking three or four turns around a windlass 
mounted on the side of the barge or raft used. An old wagon wheel 
may be utilized as a windlass. The safety of a ferry, specially when 
transporting animals, is materially increased by the construction of 
guardrails and end gates. Figure 12 shows two methods of con- 
structing a flatboat suitable for a ferry. 

51. Tral and 'flying ferries. — Where the current Is as great as 3 feet 
per second it can be utilized to propel the raft. To accomplish this 
the sides of the raft lire held at an angle of 55 ** to the current. Such 
ferries are known as trail ferries when fastened to a traveler on a 
cable stretched across the river, and as flying ferries when fastened 
to a fixed anchorage upstream. Although these ferries do not afford 
a continuous communication, yet they possess the f<dlowing ad- 
vantage!^ : 

They are readily established, even In the most rapid currents. 

They require but little material for their construction. 

They may be operated by very few men. 

They permit the passage of troops of all arms, and of animals and 
vehicles. 

The entrance to and exit from them is easy. 

They do not interrupt navigation. 

They are not liable to be injured by floating bodies which, either 
by accident or design, are carried downstream by the current. 

52. Trail and flying ferries should be located in straight reaches 
of the river, and landing stages should be built on both banks. 
With these ferries it is sometimes difllcult to reach the landing. In 
such cases a line buoyed in their track and attached to the landing 
may be used to pull them in, and poling may be resorted to in order 
to push them out Jnto the current. 

53. Flying ferry:* — Flying ferries may be used in streams of any 
width. The upstream end of the ferry cable is made fast to an 
anchorage consisting of an anchored boat, a pile cluster, a tree on 
an Island, or other fastening strong enough to stand the full pull o^ 
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the cable. If the strongest current is nearer one shore, the anchor 
must be cast nearer the other shore ; otherwise it should be cast in 
midstream. The length of the cable must be at least one and a half 
times the width of the river. The cable Is supported at intervals by 

Son tons or other floats (fig. 13). When an anchor is used, the 
rst float should be as near it as possible without danger of tripping 
it ; the others should be so arranged as to maintain the cable above 
th^ water. If found advisable, the cable may be supported above the 
water by an improvised staging on the floats. When so supported, 
the cable is connected with the bow of the float by a line of such 
length that the float is allowed to turn Just enough to keep parallel 
with the raft. If no floats for the cable are used, it must oe passed 
over a gallows frame 09 the raft to keep it from dragging in the 
water. 
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Pi«. 14. — Trail ferry. 



54. A flying ferry Is maneuvered in the following manner : Th< 
cable Is made fast to the raft about the middle of the bow. Th< 
proper angle to the current, about 55**, may be obtained by the u» 
of sweeps, or, better, by maneuvering ropes made fast to the mall 
cable. The angle is gradually decreased on nearing the shore, untl 
the way of the ferry is diminished sufliciently to prevent it fron 
striking the landing with a shock. 

After the ferry is attached to the cable, it is run from shore t^ 
shore once or twice until the anchors are firmly embedded, and th^ 
cable Is stretched ; the two landings are then constructed. Th^ 
raft should be provided with spare cables and anchors ready foj 
casting In case the mooring cable should part. 
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65. Trsil f^nj, — When the ri?er is not more than 150 yards wide 
a sheer line may be used in place of the anchor and cable. The sheer 
line must be taut enough to Keep it above the water, and if necessary 
it must be elevated at each shore by passing it over a frame as shown 
in figure 14. A capstan, or block and fall, should be provided to 
tighten the line from time to time as it stretches. Upon this line a 
pulley or traveler (fig. 15) is fixed so that It can run freely from 
shore to shore. A cable from the traveler is attached to the dow of 
the ferry. Maneuvering ropes are attached either to this cable or to 
the traveler. The ferry is maneuvered In the same manner as the 
flying ferry. 

56. Baft for trail and flying ferries from pontons. — ^The raft for a 
trail ferry is the two-boat raft heretofore described. The usual form 
for the flying ferry is butit of 6 pontons as shown in figure 16. Two 
pontons are lashed stern to stern, and to these a third, breaking 
Joints. A second set similar to the above is placed at a distance of 
20 feet, center to center, of the outside pontons. The two sets are 
connected by 6 balks o, over which 4 courses d are lashed ; then 15 
balks e are placed in a manner suitable for receiving the chess. The 
extreme chess are nailed down, and the outer courses secured by 
side rails. 

57. Other forms of raft for trail and flying ferries.— Rafts of barrels, 
timber, or other material may be used in lieu of the ponton rafts 
Just described. The most suitable raft for the purpose is one com- 
posed of two long, narrow, and deep boats, with nedrly vertical sides. 
The best interval between the boats is such that the current will act 
on the sides of both boats through their entire length wh&x they 
form the proper angle with the current. Barges or scows (fig. 17) 
are frequently used in place of rafts for ferries that have long or 
continuous service. Ramps which can be raised or lowered are con- 
venient at each end of the raft; they may be made to balance one 
another by means of a pair of ropes, each running on a pair of pulleys 
supported by two props, one at each end of the platform of the raft. 
A ramp is lowered by men walkine on it, thus at the same time rais- 
ing the other. ^ 

58. Chattanoaga flying feny. — ^The flying feri^ shown in figure 18 
was used at Chattanooga during the Civil wiar for crossing men 
and vehicles over the Tennessee River. It could carry four six-mule 
teams and wagons, besides infantry and cavalry. The cable was at- 
tached to an Island above and was supported on three floats, tt 
was secured to the boat by a rope which was fastened by both ends 
to the end of the cable, and passed through snatch blocks at the bow 
and stem of the boat on the upstream side, and around a windlass 
at the middle. By turning the windlass any desired angle with the 
current, and therefore any desired velocity was readily obtained. 
Lceboards near bow and stern were used to catch the current add 
increase the velocity when required. One man could manage the 
ferry with ease. 

59. Anchorages. — Where a single anchor Is not sufficient, two or 
more anchors, with separate leads, may be attached to the same 
cable (fig. 19). Panniers of stone (fig. 20) « picks lashed together, 
Chinese anchors (fig. 21), and similar expedients may be used m lieu 
of anchors. A rail oent into the form of a grapnel makes a powerful 
anchor. It may sometimes be advisable to use piles for an anclioragje. 
lu this case either single piles or clusters of piles are cbiven and 
the cable is attached as near the bottom as practicable. Anchorages 
out of the water are preferred, as they are more readily inspect^ 
and made secure. An island or a bridge pier makes an excellent 
anchorage. A very sharp bend may permit of an anchorage on one 
bank for a ferry Just below the bend. In some cases the cable for 
a flying ferry mav be anchored to the opposite bank. When this is 
done a second cable, anchored on the ^near bank, and four landing 
places, two on each bank, must, in general, be provided. When the 
raft reaches a landing place it is pulled up to the one above, whence 
it starts again, the second cable being used for the return trip. 

60. Expedients for ferriage. — Canvas well stuffed with hay or other 
lig^t mat^ial furBlshes-ft su pport of c o nsid er a ble 4»uoyAney* To itte 
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It In this manner a light frame of poles is built on the canvas and 
filled with the material for stuffing. The canvas, which lias pre- 




Fig. 19. — Two anchors. 



vlously been well soaked, is brought 
edges well lashed together. Care shouli 



up over the stuffing and its 
la be taken to cover the cor- 




FiQ. 20 — Panniers of stone. 



ners of the frame with hay. An ingenious barrel float suitable for 
one man in the absence of skiffs Is shown In figure 22. An impro- 
vised boat can be made by covering a wagon body with paulins. 




Fig. 21. — Chinese anchor, 

PASSAGE BT MILITARY BRIDGES. 

61. In the passage of nonfordable streams military bridges are 
always to be preferred when circumstances will permit their establish- 
ment. Such a bridge consists of a roadway and its supports. The 



roadway is formed of l^eamgi or balks reaching across the adjacent 
supports and covered with Jplanks called cness. The supports may 
be fixed, as trestles, gabions, carriages, piles, or floating, as pon- 
tons, boats of commerce, rafts, etc. 

Ponton bridges are preferable to all others when a passage by 
surprise or by main force is to be undertaken, and may be constructed 
on any stream of sufllcient depth. 

Pontons may be replaced by rafts when the velocity of the stream 
does not exceed 6 feet per second. In swifter currents rafts are 
unmanageable, drag their anchors, and are liable to destruction from 
floating bodies. 

Trestle bridges may be constructed in rivers whose depth does not 
«xceed 9 feet and whose velocity is not more than G feet per second. 
They may be employed with advantage in rivers of moderate depth 
and gentle current, with hard, even bottoms. When the bed of the 
river Is uneven . the adjustment of the trestleti to the bottom is 
very tedious, and if the current is rapid almdst impossible. When 
the bed is of mud of fln^ sand the settlement of the legs is liable 
to be irregular. 

Gabion bridges may be used over marshes and shallow streams. 
They consist of gabions placed In rows perpendicular to the axis 
of the bridge, filled with stone or gravel, and capped with a piece of 
timber on which the balks rest. 




Fio. 22. — 'Ingenious barrel float. 



Pile bridges are superior in point of stability to all other mili- 
tary bridges, but because of the large amount of time and labor re- 
quired for their construction their use is usually restricted to secur- 
ing the communications in rear of the army. 

62. Military bridges being merely temporary expedients, the same 
solidity is not required in them as in permanent brMfss. It is 
sufficient to give them the necessary strength to support the heaviest 
loads which accompany an army and to resist the action of the 
current. 

The first requisite is attained by giving sufficient volume to the 
supports, if floating, and sufficient vertical strength, iX fixed, and by 
using balks and chess of the proper size to correspond to the distances 
between bearings. 

To resist the action of the stream a good system of anchorage, the 
reatest possible distance between supports, and the placing of these 
upports with the greatest dimension exactly parallel to the current 
re required. 

An Intimate connection between the parts of the roadway and 
«tween the roadway and its supports is also a great assistance 
Q resisting the current ; sufficient play, however, must be left to 
lUow the bridge to accommodate itself to the heaviest loads pass- 
ing over it and to the action of the waves when the water is 
rough ; otherwise, however firm the fastenings may be, they will soon 
work loose. • 

The interval between the supports is regulated not only by the 
strength of the balks, but also by the cross section and the buoyant 
power of the supports. 



POHTOH MANXrAI.. SI 

63. The duties of an officer charged with the construction of a 
bridge are to discover and coUeet %l\ materials available for the 
purpose, to examine carefully the pdsltlon chosen for the bridge, and 
to ascertain the width and velocity of the stream and the nature of 
if* bottom and banks. He can then determine the composition of the 
bridge, taking care to reserve sufficient material to repair damages 
and to lengthen the structure In case of a rise in the stream. He • 
will then divide his force Into detachments, assign to each his duty, 
and require tocfa to labor at Its own task, without attempting to 
Interrupt or assist that of any other detachment. 

During the progress of the work he will not allow any unnecessary 
person to approach the working parties or to step upon the bridge. 

105288' 
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BBIDGE EQUIPAGE. 

1. The United States bridge equipage ig composed of heavy and 
light trains. The former arc intended to accompany large bodies of 
troops in tbe field, and are provided with the material necessary for 
the construction of bridges of sufficient capacity to pass large armies 
with their trains over rivers of any size and rapidity. 

The light equipage is intended for use of rapidly moving columns, 
cavalry expeditions, etc., and is organized both as regards material 
and wagons with a view to rapidity of movement. At the same time 
it is capable of furnishing a bridge which will meet all the require- 
ments of troops engaged on such service. - 

HEAVT EQUIPAGE. 

2. OrganisstiMi.^ — The trains of the heavy equipage are composed of 
six ponton divisions and one supply division. 

3. Ponton divisions. — Each ponton division is complete in itself, con* 
laining all the material necessary for constructing a bridge of 11 
bays or 225 feet, and consists of 2 ponton sections, 2 abutment sec- 
tions, and a ponton tool wagon. Each ponton section contains 
8 ponton wagons and 1 chess wagon, and each abutment section 
contains 1 ponton, 1 chess, and 1 trestle wagon. The ponton sec- 
tion contains the material for 3 bays, and should never be subdivided. 
The division may be increased or diminished at pleasure by changingj 
the number of its ponton sections. 

4. Ponton wagons. — Each ponton wagon carries 1 ponton, 7 long 
balks, 1 anchor, 1 cable, 6 oars. 2 boat hooks, 20 lashings, 6 rack I 
sticks, 1 pump, 1 ax, 1 hatchet, 1 bucket, 9 rowlocks (2 permanently 
stapled to ponton), 20 pounds of marline, 6 pounds of axle grease,, 
1 spare tongue, and 1 spare singletree. 

5. Trestle wagons. — The trestle wagon is Identical with tbe pontoD 
wagon and carries 7 lone balks, 7 trestle balks, 1 trestle complete, 1' 
cap lever, 8 pickets, 2 sills, 2 saddle transoms, 2 half coils of 3-incli 
circumference rope 720 feet each, 1 bucket, 1 ax, 1 spare tongue, and 
1 spare singletree. i 

6. Chess wagons. — Each chess wagon carries 60 chess, 1 bucket, and 
1 ax. 

7. Ponton tool wagon. — The ponton tool wagon carries the following 
equipment and supplies : 



BLACKSMITH EQUIPMENT. 



Comp't 
letter. 



1 anvil, blacksmith, 100-pounil L 

2 aprons, leather , . II 

2 bags, coal, canvas, 2-l)ushol I 

1 brace, ratchet, drill % A 

1 chisel, cold M 

1 chisel, cold, handled M 

1 chisel, hot, handled M 

1 clinch cutter (buflfor) M 

1 clinching iron M 

1 countersink, iron M 

^ Tables of Organization, 1917, assign to the Engineer train of each 

Infantry division two ponton divisions and one-third supply division, 

except pile driver and spare ponton tool wagon. The two latter will 

be assigned to advance depots in proportion of 1 to each 3 Infantrr 

* visions supplied. (C. /*. M. Xo. i.) 
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Comp*t 
letter. 

DrlllB, twiat, !tet of 13^^ ^ M 

3 flies, «at. bttiitArd. 10 lach ^^ M 

1 flle, fkiU HmcHJtti, 164QL>h ,___. ^^. M 

1 file, hn3f routid. baetard, JtJ-!Dch_^ , _^_-_ M 

2 files, mUI, ba^^Ur^. 10-Iiiob_-__- . M 

1 file, ml IK secoDd-cnt, Itilnelx ,_« M 

1 file, rouu(3» iMiatJird, 12 Inch, _, ^^^ .« M 

1 flle, rouDiU bantanK S-tncb _—_ ^,*,..^^_, M 

1 flatter, haudled, ainth ^.^^^^__ M 

1 forge, j: L^j l.lIJi: ,, Empire, In box as furnli^hed by ' 
Ordnance Denartment • I 

2 fullers, handled, top and bottom, g-incta M 

1 hammer, ball peen, handled, 8-pound M 

1 hammer, cross-peen, handled, 8-pound M 

1 hammer, farrier's handled * '. M 

1 hammer, riveting, handled M 

1 hammer, set, handled , M 

1 hammer, sledge, handled, black8n\^th*s, 10-pound- I 

1 hammer, straight peen, 2-pound u M 

1 hammer, turning, handled M 

1 handle, chisel, hot M 

1 handle, flatter M 

8 handles, flle ... M 

1 handle, fuller, top * . M 

1 handle, hammer, farrier's M 

1 handle, hammer, machinist's i a. M 

1 handle, hammer, sledge, 10-pound I 

1 hardy t • M 

8 headers, rivet M 

3 heading tools, ft-inch, i-inch, 1-inch M 

2' knives, shoeing , M 

1 knife, toe . ^ M 

1 nipper, shoeing^ ^ -M 

1 oiler, iH;>int, brass . — w— t. A 

1 pincers, shoeing ^- M 

1 pipe cutter, No. 2 . M 

1 prftchel ^ ^— M 

1 punch, fore and creaser M 

2 punches, round, handled, g-inch and |-lnch M 

2 punches, square, handled, g-inch and |-inch M 

1 rake, fire I 

3 rasps, shoeing, 16-inch , M 

1 rule, 2-foot, i-fold A 

1 shovel, flre , I 

1 stocks, taps and dies, pipe and bolt ; Armstrong's 

No. 2, set , G 

1 swedges, top and bottom, set i-inch to 1-inch, by 

quarters M 

1 tire measurer^ . Q 

1 tong, ithoeing M 

2 tongs, smith's, gad: f-inch and l-inch M 

2 tongs, smith's, straight M 

1 vice, blacksmith's I 

1 wrench, monkey, 18-inch M 

BLACKSMITH SUPPLIES. 

6 borax, pounds B 

4 coal, blacksmith's, bushels . ^^ I 

25 nails, horseshoe, pounds . A 

40 nuts, assorted, pounds , — . G 

1 oil, machine, quart , « ^_ F 

5 steel, tool, feet , — . N 

80 steel, in bars, assorted, feet ,-*. N 
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BOSCELLANEOUS EQUIPMENT. ?et?e?* 

3 \>SL8s, nail, lO-pound - — i. I 

. 1 bftg. Bail, 35-pouQd i^-ii I 

2 bass, canvas, small, fox* nails and small stores K 

2 buckets, galvanized^ron* ; - >-: > P 

1 hammer, sledge, S-pound— :_^- — ^ I 

2 irons, calking, set ; No. 1, 2, and 3 crease M 

12 lanterns, Dietz ^ ^ C 

2 mallets, calking * — -. I 

. 2 mauls, wood . — 1-^ .. , — I 

1 palm, sail.. — « ^ *- :;- A 

1 rope, 3-incli circumference, half coil, 720 feet J 

MiaGELLANEOUS SUPPUES. 

25 bolts, drift, J-lnch .. D 

. 25 holts, drift, |-inch ^..^^ ^ D 

1 canvas, 0000, 36 inches wide, rolls of 10 yarda.^ B 

. 50 gKesiset axle, {pounds , P 

20 cotton^ calking, pounds ^ .._- B 

'25 marline, pounds . .-^-, — . — 

10 nails, galvanized wire, S^penny, pounds 

. 35 nails, galvanized wire, 10-penny, pounds.. 

10 nails, galvanized, boat, 10-penny, pounds 

10 nails, galvafiized, boat, 16-penny, pounds. 

6 needles, sail i... . — — . A j 

10 oil, coal, gallons . P | 

■ 2 screws, galvanized, IJ-lnch, No. 12, gross^ G 

4 screws, galvanized, H-inch, No. 12, gross. O i 

10 screws, galvanized. IJ-inch, No. 18, gross Q i 

1 screw, galvanized, 3-inch, No. 18, gross Q i 

5 screws, galvanized, 5-inch, No. 22, gross ' Q 

1 screws, galvanized, 3i-inch, No. 18, gross O I 

6 twine, sail, balls .. — ► A j 

24 wicks, lantern, Dietz .. A i 

8 king bolts. 15 open links. 

100 cotters, assorted sizes. 22 linch pins. I 

10 dowers for balk, complete 22 Uncb-pin washers. 

with bolt and nuts. 
(O. P, M. No. I.) I 

SADDLER'S EQUIPMENT~L. j 

12 awl blades, harness, assorted. 1 needles, glover's, No. 3, paper. 

1 awl, pegging. 2 netedles, harness, No. 4, papers.! 

1 awl, seat, handled. 2 needles, harness, N^. 5, papers. 

2 bags, canvas, for small stores. 2 needles, harness. No. 6. papers.! 
2 blades, draw gauge, with fol- 1 needles, sacking, Nos. 4 and 4i,! 

lowers (extra). assorted, paper. ^^, ^ | 

1 carriage, pricking, 3 wheels, 1 nippers, cutting, 10-inch. ' 

numbers 7, 8, and 10. 1 oilstone. 

1 chest, saddler's. 1 pliers, «-lnch. I 

1 clamp, stitching. (Part of 1 punch, revolving, 4 tubes, N08.1 

stitching horse.) 4, 5, 6, and 7. ^ ^ ^^ ^1 

1 compass, 6-inch. 4 punches, round, hand, Nos. 6,! 
1 creaser, double. *, 8, and 10. 

1 gauge, draw, brass. 1 palm, sewing, leather. 

1 handle, peg awl, with wrench. 1 rivet set. ^ ^ ,^ 

6 handles, awl, flat, assorted, 6 1 rule, boxwood, 2-foot. 4-fold. 

sizes. 1 screw driver, 3-inch blade. 

1 hammer, riveting, No. 3. 1 shears, lO-lnch. 

1 horse, stitching. 1 slicker, steel. 

1 knife, round. 1 tool, claw. 

1 knife, shoe, broad point. 1 tool, edge, No. 1. 

1 knife, shoe, square point. 1 tool, edge. No. 2. 

1 knife, splitting. 2 thimbles. 
1 needlecase, leather. 



venwr xavvai. 



8ADDLEK*S SUPPLIES. 

letter. 
1 beeswax, pounds • . ,_,^ B 

1 brown wax, pound « . B 

5 Iracklei, roller, iron, l-lnch ^ ^~-_. A 

6 buckles, roller, Iron, |-inch ^_. l A 

20 buckles, roller, iron, i-incb^« . ^j^^ A 

6 buckles, roller. Iron, 1-inch . , . ^^ '.^ 

4 buckles, roller, iron, li4nch ^. A- 

6 buckles, roller, iron, ijj-inch A 

2 cord, sash, |-inch, pieces, 100 feet each^ - .« • B 

1 needle, collar. No. 4 - Ji 

1 needle, collar. No. 4^ A 

1 oil. sperm, quart B 

12 oil, harness, quarts . B 

4 oil, neat's-foot, gallons B 

1 rawhide, side, soft ^ K . 

1 rivets and burrs, brass, B-inch, No. 10, pounds • O 

1 rivets and burrs, brass, l-lnch. No. 8, pounds O 

30 soap, harness, pounds i B 

12 soap, castlle, pounds ^_ B 

70 sponges ^ K 

j 1 tacks, copper, 12-ounce, paper .. O 

1 tacks, copper, 20-ounce, paper O 

, 1 tacks, iron, 12-ounce, paper O 

I 1 tacks, iron, ISrOunce, paper O- 

I 1 tacks, iron, 8-ounce, paper O 

1 thready shoe, brown, No. 3. pound - K 

I 1 thread, shoe, brown, No. 10, pound H 

8 thread, shoe, half bleached. No. 10, pounds H 

I 1 thread, linen, carpet, No. 18, pound H 

I SPARE PARTS. 

1 doubletree. 1 lead bar. 

H stretcher. 

8. Sapply divUion. — This division is provided with articles necetisaxy 
to replace material lost or worn out such as balks, chess, spare parts 
If wagons, and 1 pile driver. The wagons of this division are nor- 
iially j5 ponton, 6 chess, 1 ponton tool, and 3 army wagons. 

9. Three of the ponton wagons carrv 17 long and 7 trestle balks 
tach. The remaining two carry the pile driver. Each chess wagon 
carries 60 chess. The tool wagon carries the same load as that of 
i ponton division. The three army wagons carry the following 
iupplies : 

S half coils, 3 inches circum- Bars, soft steel, B by 1| inches, 9 

ence, 720 feet each, manlla feet long — 2. 

rope. Bars, soft steel, 8 by 2 inches, 9 

12 coils, 1 inch circumference, feet long — 2. 

720 feet each, manlla rope. Bars, soft steel, 1 by 2 Inches, 9 

I coil, 4i inches circumference, feet long — 2. 

72Q feet each, manlla rope. Bars, soft steel, i by 1 inch, 9 

}0 rack collars. feet long— 4. 

\ kegs, 30-penny, spikes. Bars, soft steel, ft by 2 inches, 9 

\ kegs, 60-penny, spikes. feet long — 2. 

iOO driftbolts, |-lnch. Bars, soft steel, i inch round, 9 

too driftbolts, I -inch. feet long — 6. 

SOO feet . &-inch wire hoisting Bars, soft steel, \ inch round, 9 

rope. feet long — 4. 

SOO feet B-inch wire hoisting Bars, soft steel, 1 inch round, 9 

rope. feet long — 2. 

20 wire-rope clips, ^-inch and B- 100 pounds axle grease. 

inch. 50 gallons kerosene in 5-gallon 

I 10-inch wire-rope snatch block. cans. 
I 14-inch wire-rope snatch block. 



10. A full description of ea<!h of the principal items will be found 
in the meciflcations. For convenience a brief description of thi 
ynrious items is given here. 

11. Ponton. — The ponton is 31 feet in length, with a maximum 
breadth of 6 feet 8 inches and a depth of 2 fleet 8 inches at the 
center. Its displacement at the gunwale is about 21,280 pounds. 
In the bridge the maximum safe net buoyancy of the pontoon may 
be taken at about 18,000 pounds. For ferrying troops the capacity ii 
limited by space rather than buoyancv. 

12. Trestle.— The trestle consists of a cap with pins, two legs witb 
shoes and keys and two wedges. The legs are Indined, to give lateral 
stability. The cap is adjusted by means of two cap levers* one ol 
which is carried on each trestle wagon. 

13. Balks. — The balks are 5 inches by 5 inches in cross section. 
There are two kinds of balks used with the heavy equipage. The long 
halk is 27 feet long, and is provided at each end with an oak cleat 
and a dowel hole. The clear distance between cleats is 25 feet £ 
inches, giving a normal bay of 20 feet center to center of pontons, 
The bays between the pontons and the trestles are 22 feet 6fi inche] 
from center of ponton to center of trestle cap. The trestle halk \i 
21 feet 8 inches Ions and is provided at each end with a dowel hoU 
and two oak cleats forming a claw with an 8-lnch opening. The dit; 
tance from center to center of claws is 20 feet, giving a hay 20 feel 
long. The balks are also used for side rails. 

14. Chess. — ^Ttfe chess is a plank, 13 feet by 12 inches by 1} inches 
The width at each end is reduced to 10| inches for a distance of ^ 
feet, thus forming a notch on each side of th« roadway for the pasj 
bage of the side rail lashings. The middle line across each chess U 
marked on both sides with a line saw cut. 

15. Saddle transom. — The saddle transom is 5 feet 4 inches by 8 b] 
4 inches,, with a strong steel hook at each end to fit over the gun 
wales of the ponton. There are two small cleats on the middle oi 
the transom, forming a recess 6i inches wide to receive a sill. 

16. Sill. — The sill Is 14 feet by 8 inches by 6 inches, scored to marl 
the position of the balks. For ease iU' handling it is provided with i 
ring in each end. The same sill is used either as an abutment or d 
a saddle. 

17. Mlseellaneons Items. — The anchor is the hedge, weighing 15( 
pponds. The l>oat hook is of the ordinary form, 10 feet in length 
The bucket is the ordinary galvanized-iron bucket. • The cable is oi 
'3 inch circumference manila rope, 240 feet in length. The balk am 
side rail laahinns are of l*inch circumference manila rope, 18 feet ii 
length, whipped at one end with an eye-splice at the other. The o» 
is of the ordinary form 14 feet in length. The picket is of oak oi 
l^ickory, 3 feet long and 8 inches in diameter, protected at both end: 
with steel. The pump is of galvanized sheet steel. The rack coUai 
Is of strap steel, made in two parts united by a link on each side 
The inside measurement of the collar is 1 foot 7 inches by 6 Incbefl 
Folding oak wedges are used with rack collars. The rack stick it 
of hickory 2 feet long and Ii inches in diameter. 

18. Wagons. — The wagons are of three types — ^ponton wagons, chcsj 
wagons, and ponton tool wagons. The ponton wagon differs fron 

•the chess wagon only in being of heavier construction, in having 
longer side rails, and in the form of standards for securing the load 
The ponton tool wagon is of different construction. All importnn 
details are shown in the book of plates. 

19. Wagons and their loads. — ^The ponton wagon (figs. 23 and 24 ) 1 
loaded by first placing 7 long balks between the side rails and enter 
ing the dowels on the front bolster into the holes In the balks. Abov 
this course of balks Is placed the ponton, stern foremost — the st#»ri 
rings about 15 Inches in advance of the front axle. The ponton i 
secured by lashing its rings firmly to those of the wagon. 'The ancho 
is slung under the side rails ; the cable is colled as far forward a 
possible in the ponton ; the oars, boat hook, and pump are laid ii 
the ponton» and the small articles stowed in the ponton locker. Th 
ax and bucket are slung on the rear axle. The spare tongue is oar 
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rled on the right side of the wagon secured In brackets attached t 
the inside face of the side rail. 

20. The chess wagon (fig. 25) is loaded by placing a course o 
30 chess on edge, with their lower notches resting on the center am 
rear bolsters. The transoms are laid on the upper notches, abuttin 
against the standards. A second course of 30 chess Is then plac« 
dfrectly over the first. The binders are then hooked on and secur^ 
The ax and bucket are slung on the rear axle. 

21. The trestle wagon (figs. 26 and 27) is loaded as follows: 
course of 7 long balks Is first placed as described :' 
The next course consists of 7 trestle balks on the 
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Fig. 24. — Loaded ponton wagon. 

wagon and the trestle cap on the left side of the wagon, top to til 
left, with the wedges thrust into the cavity at the bottom. AdjoiJ 
Ing the inner side of the cap a shoe is placed on edge at each en 
forming a pocket between the cap and trestle balk in which at 
stowed 1 saddle transom and 8 pickets. The third course consist 
of 2 sills placed at the right and left sides of the wagon ; adjolnin 
the sill on the right side are placed 2 trestle legs, 1 saddle transon 
the cap lever, and one singletree. 

The sills are secured by lashings which pass through the end rin^ 
and are lashed to the rings on the wagons ; this same lashing 1 
secured around the points on the legs, around the hook on the saddl 
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transom, through the jaw end of the cap lever, and through the open- 
ing in the shoe. The two half colls of 8*lnch circumference rope are 
laid on top of the trestle balk and lashed to the forward liags of the 
wagon and also to the rear lashing chain. The tnda of the trestle 
balks are secured by taking three turns of lashlnff around the first 
and second course between the cleats of the second course, and then 
making fast to the lashing ring attached to the chains at the rear end 
of the wagon. The spare tongue is carried as deseribed for the pon- 
ton wagon^ The ax and bucket are slung on the rear axle» 




Pia. 27. — Loaded trejBtle wagon. 

1 ji^' T^*^ interior of the ponton tool wagon (fig. 28) is divided into 
lettered compartments as shown In the drawings. The contents are 
loaded as follows: 

Blacksmith equipment in compartments A, G, H, I. L, M. 

Blacksmith supplies in compartments A, B, F, G, I, N. 

Miscellaneous equipment and supplies in compartments A, C, D 
E, Wt O, I, J, K, M. 

Saddler's equipment in compartment L. 

Saddler's supplies in compartments A, B, G, II, K. 
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Fig. 28. — ^Method of loading ponton tool-wagon body. 
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The compartmeiit in which each article can be found is shown by 
the letter after the article in the list of equipment and supplies under 
paragraph 7. 

23. Weights. — The weights of the loaded wagons yary considerably. 
The following are average weights of the equipage as now constructed : 



Articles. 



Kumher 

ina 
division. 



Aveiage 

unit 
woight. 



Ponton wagon fully loaded 

Chess wagon iblly loaded ....... 

Trestle wagon f uOyloaded ...... 

Ponton tool wagon fully loaded: . 

Ponton and trestle wagons 

Chess wagons.. 

Ponton tool wagon , 

Anchors 

Axes. 



Balks, long 

Balks, trestle 

Boat hooks 

Buckets, galvanized Iron. 

Cables (2&feet) 

Caplevezs 

Chess., 



Doubletrees, spare . 

Hatchets 

Lashings 

Lead bars, scare... 

Marline, ooils 

Oars. 



Pickets 

I Pontons 

Pumps 

Rack sticks 

R(^>e .3 inchesciromnf^renoe, half coils, 720feet eadi . 

Rowlocks 

Saddle transoms 



Singletrees, spare . . 
Stretchers, spare.. . 

Tongues, spare 

Trestles, complete. 



10 
i 

1 

S 
14 

ro 

14 

16 
14 
8 
2 
240 
1 
8 
160 
1 
8 

40 
16 



Poufidt. 
5, MM) 
5,160 
^860 
4;5|0 
2.580 

2,4^ 

150 

5 

150 

120 

5 

4 

60 

56 

43 

30 

3 

.5 

47 

20 

16 

9 

1,600 

8 

1 

180 

1 

46 

t30 

6 

26 

76 

530 



24. Animals and harness. — Each ponton or trestle wagon is normally 
diawn by six mules; each chess or ponton tool wagon is drawn by 
four mules. .Under adverse conditions of roads, an additional team 
may be necessary. The ordinary quartermaster harness is used 
(flg. 29). 

LIGHT EQUIPAGE. 

25. Organisation.* — The trains of the light equipage are composed 
of 3 ponton divisions, each of which couHint of 8 ponton, 2 chess, and 
2 trestle wagons. All wagons are identical with the chess wagon of 
the heavy equipage. Bach division of light equipage is accompanied 
by a ponton tool wagon Identical with that 'of the heavy equipage. 
The ponton wagon ctu'ries all the material necessary for constmc- 
ing a complete bay. The division may, therefore, be increased or 
diminished by one or more ponton wagons without disorganizing it. 
The normal division contains all the necessary material for coRtruct- 
ing 185 feet of bridge. 

• Tables of Organization, 1917, contemplate that one comi^ete train 
of light equipment shall constitute the ponton section of the Engi- 
neer train of each Cavalry division. (C. P. M. No, 1.) 
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^ 26. Ponton wasons. — Each ponton wagon carries 7 short balks. Id 
fiLort chess, 2 side frames, 1 cable, 1 anchor, 1 ax, 1 bucket, 1 spare 
tongue, 1 spare singletree, and a ponton chest containing 1 ponton 
oover, 14 transoms, 5 paddles, 2 scoops, 20 lashings, 2 boat books, 1 
pump, and 8 rack sticks. 

27. Chess wasons. — The chess wagon carries 5Q short chess, 1 ax, 
1 bucket, and a box containing 2 spare ponton covers. 

28. Trestle wasons. — The trestle wagon carries 7 short balks, 7 
trestle balks, 1 trestle (complete), 1 sill, 1 half coil of 3 inch cir- 
cumference rope (length 720 feet), 1 half coil of 1 Inch circumference 
rope (length 720 feet). 1 cap lever, 8 pickets, 1 ax, and 1 bucket. 

29. Ponton tool wagon. — The load of^the ponton tool wagon is the 
same as that of the heavy equipage, except that 2 sets of calking 
irons, 2 calking mallet-3, 20 pounds of calking cotton, and 1 stretcher 
are omitted, and 4 sail palms, 4 rolls of canvas, 1 dozen sail needles, 
and 6 balls of sail twine are added. 

30. MatcriaL-:— A full description of each of the principal items will 
be found in the specifications. For convenience a urlef description of 
the various items is given here. 

31. Ponton frame (ng. 80). — The ponton frame is formed of 2 side 
frames and 14 transoms, 2 of which are provided with mooring 




Pig. 30. — Ponton frame. 



beckets. The transoms are provided with light metal tenons which 
fit loosely into corresponding metal mortises set in the side frames. 
The dimensions of all transoms, mortises, tenons, and side frames 
are Identical, permitting the parts to be used interchangeably. All 
edges of the frames and transoms are well rounded to prevent chafing 
the canvas. The 'frame, when assembled, is held together by a rope 
passed through rings in the ends of the side frames and tightened 
with a rack stick. 

A special form of ponton frame which was used during the latter 
part of the Civil War by the Army of the Cumberland was made 
differently from the one which has just been described.. The side 
frames were divided at the middle, the two parts being connected by 
stout hinges placed on the inside. The upper hinge was attached by 
Bcrews; the lower was riveted. A greater number of transoms was 
used for the bottom of the boat and a couple of ropes were run 
through them, the slack of which was used to tie them into bundles 
when the boats were dismantled. There were also some differenoes 
In the framing of the sides and in the kind of transom used to con- 
nect all the parts together. The hinged canvas ponton frame has 
been modified by the experience gained from the use of the boats 
first built. The object in adopting this form was to dispense with 
thf' necessity of special ponton wagons. All the parts of the bridge 
except the balks could be carried without diflBculty in the ordinary 
army wagon. Special wagons were required for the balks, but they 
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were verv quickly mafle by throwing off tlje body of an army wagon and 
lengthening the coupling. Under cltcnmstances where it Is essential 
to economize transportatton by keeping all teams, fnilv employed at aH 
times oir where a bridge equibage is suddenly prepared and then^ is 
no time to procure the regular ponton wagons the system Just Ae- 
scribed may be usotl \i«^th advantage. The only ponton train carried 
by the Army of the Cumberland from Chattanooga to Atlanta, and 
thence to Savannah and Washington, Was composed of hinged canvas 
pontons, and it gave general satisfaction. 

32. Ponton cover, v-The ponton cover is of t)000 kahki cotton duck. 
in three pieces, double seamed, with a double border 2 inches wide. 
The clew-line eyelet;^ are of yellow metal. After the cover " 
assembled it is given a spe^cial waterproofing treatment. 

33. Balks. — ^The short balks are ^2 feet by 4 J inches by 4i inches, 
with 20 feet 10 inches between the cleats, which are similar In con- 
struction to those of the heavy equipage. The trestle balk is the 
same as for the heavy equij)age. Balks are used as side rails. 

34. Short chess. — The short <*hess are 11 feet by 12 inches by 11 
Inches, with notches at each en^ 18 inches in If^ngth ; in other respect^ 
they are similar to those of tlxe heavy equipage. 



U 




Fig. 31. — Loading the ponton wagon. 

35. Misceilaneous Items. — ^The anchor is a kedge weighing 75 pounds] 
The boat hook is 8 feet long and of the usual construction, except 

that the points are blunted to prevent injuring the canvas. 

The caole is of 3 Inch circumference manila rope. 180 feet long. 

The spare co4;er boa is 7 feet 10 inches long by 14 i inches wide by 
H inches deep and contains two spare covers. 

The paddle is of the ordinary form, 6 feet long. 

The ponton chest is 8 feet by 2^ inches by 2 feet 4 inches by I foot 

inches; the lid is covered with canvas which overlaps 3 inches all 
round. It has strong rope handles at each end. 

The scoop is the ordinary grocer's tin scoop. 

The trestles, sills, pumps, lathings, rack sticks, pickets, and buckets 
ire the same as for the heavy equipage. 

36. Animals and hamets. — Each of the wagons is normally drawn by 
four mules. Under adverse conditions of roads an additional team 
niay be necessary. The harness is the same as with the heavy 
equipage. 

37. Loading the ponton wagon (figs. 31 and 32). — To load the 
^agon seven short balks are laid on the. right side between the rails. 
Where they are secured by the front bolster dowels; on their left 
♦Ight chess are placed on edge, with their notches resting on fals*» 
bolsters which are attached to the center and rear bolsters. The two 
tBlde frames are laid over the balks, with their bottoms against the 
<^e8s. The wagon transoms are laid in the upper notches of ttie 
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ess, abutting against the standards. Eight more chess are laid 
rectly over the first course. The loaded ponton chest is placed 
top of the side frames and against the (fness. The binders are 
oked down ; the side frames are lashed by their rings and the 
est by its handles to the rings of the wagon. The cable is coiled 
id lashed on the side frames in front of the chest. The anchor is 
ung under the side rails and the ax and bucket on the rear axle. 
)e spare tongue is carried on the left side, lashed to the standards. 
i«^ singletree is carried in the ponton chest. 




F'iG. 32. — Loading the ponton wagon. 

38. Loading the chest wagon (fig. 3o). — The wagon is loaded with 
hess by first placing a course of 30 chess, as in the heavy equipage, 
ind on these a second course of 20 chess, 10 against th6 right and 
iO against the left wagon standards. The upper course of chess is 
leld in place by the binders and the spare cover box, which rests 
m the lower course of chess. The ax and bucket are slung on the 
•ear axle. 

39. Loading the trektle wagon (figs. 34 and 35). — The first course 
insists of seven short balks, placed side by side, beginning at the 
"ight side of the wagon, one trestle balk, and one trestle leg. They 
»11 rest on the front and rear bolsters, and the balks are secured by 
lowels attached to the front bolster. The second course consists of 
six trestle balks placed on top of the short balks at the right side 
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Fio. 34. — Loading the trestle wagon. 




Fig. 35. — Loading tlie trestle wagon. 
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of the wagon ; on the extreme left side of the wagon another trestle 
leg is placed on top of the trestle leg in the first course, then a sill is 

g laced on top of the leg in the second course; this leaves a space 
etween the sill on the extreme left of the wagon and the first trestle 
balk to the right of the wagon. The front end of this space Is 
closed by the cap lever, which Is secured by a lashing run through the 
lashing ring at the front standards and the end ring of the sill, then 
around the jaw end of the cap lever, and secured to the lashing ring 
of the front standard on the right side of the wagon. The rear end 
of this space is closed by placing the two shoes on their edges and 
securing them by a lashing run from the lashing ring on the left rear 
standard ; thence through ring on the end of the sill ; thence around 
the points of the trestle legs, back through ring of the left rear 
standard ; thence ov^r the top of sill and through the opening in the 
two shoes; thence through the leg opening of the trestle cap which 
is placed on the extreme right £ide of the wagon and on top of the 
tt>e84;le balks, and through the ring on the right rear standard, back 
through the leg opening of trestle cap; thence through ring on the 
end of the sill and secured to the ring on the left rear standard. The 
pocket thus formed contains eight pickets, twd trestle wedges, and 
one handle for cap lever. On top of the second course in the center 
<ft the wagon is placed one half coll of 3 Inch circumference rope and 

tne half coll of 1 Inch circumference rope ; both coils are securely 
ished to prevent shifting. 
The ends of the balks are secured by taking three turns of lashing 
around the first and second course between .the cleats and then mak- 
ing fast to the lashing rings attached to the standards at each end 
•f the wagon. 
1 The bucket and ax are slung to the rear axle. 

40. Loading the ponton tool wagon. — The ponton tool wagon Is loaded 
In the same manner as for the heavy equinage. 

• 41. Weights. — The weights of thMoadea wagons vary considerably, 
fhe following are the average wei^ts of the equipage as now con- 
$tructed. • 



Artidea. 



Number 

in 
division. 



Average 

unit 
weight. 



Trestle wagon, fully loaded 

Ponton tool wagon . fully loaded . . , 

|>onton wagon, ralfy loaded 

Chess wagon, rally loaded 

ponton, chess, and trestle wagons . 

Ponton tool wagon 

Anchors 

Axes :.....• 

Balks,sliort 

Balks, trestle 

Boat hooks 

Buck ets 

Otbles ( 1 80 feet) 

Cap levers 

Doubletrees, spare 

Lashings 

head bars, spore 

Paddles 

Pickets 

Pontons, complete 

Ponton chests 

Ponton covers, spare 

Pomps 



12 

1 

8 

12 

70 

14 

16 

12 

8 

2 

228 

1 

160 

1 

40 

16 

8 

8 

4 



Pounds. 

4,750 
4.510 
4,580 
4.510 
2.420 
2.490 
75 
5 

90 
122 
4 
2 
45 

00 

35 
30 

50"' 

6 

9 

580 

170 

110 

S 
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Articles'. 



Number 


Ayerago 


in 


unit 


diTision. 


weight. 




Pounds. 


64 


1 


2 


36 


. 2 


180 


16 


i 


2 


130 


8 


6 


2 


m 


8 


75 


2 


6ao 



Back sticks 

Rope, 1 inch circumference, half coils, 720 feet each. 
Rope, 3inches circumference, half Qoils, 720feeteach 

Scoops *. 

Sflls , 

Singletrees, spare 

Spare cover dox .'.'., 1 j 

Tongues, spare '. 

Trestles, complete : . . 1 ". . . . ^ 



42. Loads for forced^ nar^es. — When a forced march 1b to be made, 
and it is desirable to'llgl^ten the loads, the chess may be removed 
from the ponton wagons, the rooe from the trestle .wagons^, an^ the 
load of the chess wagons be reduced to 40 chess. The number of 
chess wagons in thla-^as^ must^be- ^iftr^f e^ t^ 4¥«; 
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BOAT DRILL. 

1. The pontons of the heavy train may be used in the passage of 
troops oyer rivers and for embarking and disembarking an army 
and its stores; moreover, the construction of bridges by night over 
deep and rapid streams is a common occurrence in a campai^^. A 
well-instructed pontonier must, therefore, be a good boatman. The 
following exercises, designed to impart this knowledge, are to be 
thoroughly taught and neguently practiced, keeping in mind, espe- 
cially in the school of the flotilla, that the chief aim is to render the 
troops expert in handling the boats, and to accustom them to maneu- 
rer without interference in restricted positions. 

SCHOOL OF THE PONTONIER. 

2. The object of this school is individual instiuction in the use of 
the oars, paddles, and boat hooks. The drill should be carefully 
supervised by the commissioned officers of the .company, who will 
move about from ponton to ponton, and .see that every part of the 
drill is properly taught. 

8. The instructor (usually a noncommissioned officer) embarks his 
detachment, consisting of six privates, and pushes out into deep j 
water, where, if the current be strong, he casts anchor. The boat 
is provided with seven oars, two boat hooks, and one anchor anJ 
cable. The instructor, placing himself in the stern, details each 

{)rivate in turn to practice with the oar, the rest being allowed to 
ean against the gunwales, paying close attention to the drill. I 

4. At the command ATTBJIsTlX)N, the pontonier Inserts the row- ' 
lock in the socket, and then facing aft places himself in the middle 
of the ponton abreast of his rowlock, assuming the position of a 
soldier as prescribed in infantry drill regulations. 

6. At the command UP OARS, he grasps his oar and raises it 
briskly to the vertical in front of the center of his body, the handle 
resting on the bottom of the boat and the blade athwartships. The 
hand next to his rowlock grasps the oar at the height of the che«:t. 
elbow and wrist horizontal ; the other steadies it at a point 12 inches 
lower. 

6. At the command LET FALL, he moves one foot 18 inches per- 
pendicularly toward the side opposite to his rowlock, and lowers his 
>ar so that it touches the water before striking the gunwale ; special 
ittentioi is required that it does not fall upon the rowlock. Into 
R-hich it should be placed gently with the blade horizontal. He next 
slips one hand to the grip and places the other on the oar 8 inches 
h>om it. the backs of both hands being up and the wrists lowered, 
ind moves the foot next to the rowlock 18 inches to the rear. 

7. At the command GIVE WAY, given when the oar is at the final 
position indicated for LKT FALL (or at HOLD WATER, in whlrh 
case the oar is at once brought to this position), he raises his wrists 
and extends his arms, throwing the weight of the body well forward, 
drops the blade vertically into the water, throws his weight strongly 
backward upon the oar, disengages it from the water, and resumes 
his first position. These motions are repeated with regularity, taking 
care to make a long sweep, to keep the oar near the water, and to 
feather it by depressing the wrists after every emersion until the 
command WAT ENOUGH or OARS is given. The instructor will take 

52 
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care tluit tbe oar be moved by the weight of the body and not by the 
force of the arms. 

8. At the command WAT BNOUGH, given when the oar is in the 
water, the pontonler takes one stroke, raises his oar to a verticai 
position, and lays it gently in the ponton, the blade toward the bow. 

9. At the command OARS, given when the oar is in the water, he 
takes one stroke if rowing, and resumes the final position indicated 
for LET FALL. If at the position HOLD WATBR, the stroke is 
omitted. 

10. At the command HOLD WATER, given when the oar Is in the 
final position indicated for LET FALL, the pontonler raises the grip 
so as to engage the blade in the water, and holds the oar firmly at 
right angles to the boat, blade vertical. The object, of course, is to 
check the headway when in motion. 

11. At the command 8TERN ALL, given when the oar is at HOLD 
WATER, or at the final position indicated for LET FALL, he re- 
verses the operation of rowing as described under GIVE WAY, and 
by pushing Wgorously against the oar when immersed, gives the boat 
a motion astern. The operation ceases at the commands WAY 
ENOUGH or OARS, which are executed as described above. 

12. The command SCULL is given when the oar is in the final 
position indicated for LET FALL. Sculling is first taught by placing 
the pontonler at the rowlock in the stern which he faces. The oar 
is nearly balanced in a horizontal position in the rowlock, the blade 
horizontal, and is held by clasping the grip with both hands, the 
backs up and the right hand next the body. The feet are placed 80 
inches apart on a line parallel to the stern, and at a convenient dis- 
tance from it. At the command SCULL, the weight is thrown on the 
right leg, and the blade after being carried to the left. Is inmiersed,. 
giving it at the same time an in^ination toward the right by de- 
pressing the right elbow. The weight is now thrown strongly on the 
oar, the body bending toward the left. The blade is turned at the 
same time in the water by- varying the position of the elbows, so 
that at the end of the stroke it inclines toward the left ready for 
the reverse stroke — ^whlch is immediately given without letting the 
oar emerge from the water. This oblique passage of the oar through 
the water, to the right and left alternately, forcea the boat forward ; 
and by varying the amount of pressure in the alternate strokes the 
boat may be turned toward either side. To scull a boat skillfully 
requires considerable practice, which must first be acquired at the 
stern rowlock. Afterward the pontonler is required to execute the 
same movements at the side rowlook, placing himself in the most 
convenient position permitted by the length of the oar in use. At 
the command WAY ENOUGH or OARS the motion is terminated. 

13. The command TRAIL Is given when the oar is in tiie final posi- 
tion indicated for LET FALL, and only when it is attached by a trail 
line to the gunwale. The command is obeyed by unshipping the 
oar from the rowlock and letting it trail in the water alongside. 
At the command SHIP the oar is restored to its former position. 

14. The command UNSHIP is given when the oar is in the final 
position indicated for LET FALL, and is executed by removing the 
oar from the rowlock and letting it trail alongside, held by the hand 
next the gunwale. This position is used whenever it is necessary to 
prevent fouling the oars suddenly, as In shooting a bridge. At the 
command SHIP the oar is restored to its former position. 

15. The command BOAT OARS may be given when the oar is in 
the final position indicated for LET FALL or at UP OARS. The 
pontonler raises his oar to the vertical, if not already there, lays it 
quietly on the bottom of the boat, blade toward the dow, and takes 
the position of ATTENTION. 

16. The command REST may be given when the pontonler is at 
ATTENTION or at TRAIL. He is no longer required to preserve 
silence or his position. 

17. The use of the boat book is too varied to be reduced to a 
manual. It is used for pushing the boat in shallow water, for hold- 
ing it fast alongside another Doat, or to the bank, for recovering 
articles lost overboard, and for other similar purposes. 
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18. Fontonlers should also be trained in the use of the paddle be- 
longing to the light equipage. This training uiay' be i^yen in the 
wooden pontons, and a manual for It is not deemed necessary. 

I 
SCHOOL OF THE BOAT. 

19. The object of this school id the instruction of the pontoniers 
in the management of the single boat. It is not to be taught until all 
of the crew are thoroughly familiar with the use of the oar, paddle, 
and boat hook, as described in the preceding school. The exercise 
will be conducted under the close superyision of commissioned of&cers, 
who win move from boat to boat and see that all the commands are 
thoroughly understood and properly executed. The right and left of a 
beat are the right and left sides when facing the bow. 

20. To -embark. — The instructor, a noncommissioned officer, provides 
his detachment with seven oars and two boat hooks, which are car- 
ried on the shoulders, blades or hooks well up, forms it in single 
rank, with the best oarsmen on the right, files it left in front into the 
ponton (supposed to b« iti the water, moored to the bank by the 
stern), and deposits the oars in the bottom of the boat, six with the 
blades toward the bow-and the seventh reversed. The boat hooks 
are placed outside the oars, prongs toward the bow. The cable is 
coiled in the bow, with the lower end made fast to the right mooring 
post and the other attached to the anchor by an anchor knot; The 
anchor is placed with its arms projecting vertically over the bow and 
■its stock resting on the gunwales aft of the mooring posts. 

21. At the command ATTENTION (executed as in the School of the 
Fontonler) the crew arrange themselves in the order in which they 
were formed on shore, the right pontonler (stroke oar) taking the 
after right rowlock and the others alternating, the even numbers 
being on the left side. The instructor then directs one or two of the 
men next the stern to step on shore, remove the moorings, and pre- 
pare to push the ponton from the bank. 

2B^ At the command UP OARS (executed as in the School of the 
Pontonier) the instructor takes the reversed oar himself and, draw- 
ing it aft horiEontally, puts the blade over the side or stern and pre- 
pares to use it in j>u8hing off from the bank« 

23. At the command SHOVE OFF the men on shore, aided by the 
instructor and, if necessary, by others of the crew with their oars, 
disengage the ponton from the bank and Jump in. All the oarsmen 
then assume the position of UP OARS, and the instructor places 
his oar in the stern rowlock in readiness to direct the course of the 
boat. 

The command LET FALL {executed as in the School of the Pon- 
tonier) is then given. 

24. Simple exercises.— The crew is next drilled to execute in unison 
the following movements as prescribed in the School of the Pon- 
tonler, the after right •arsman giving the cadence : GIVE WAY ; 
WAY ENOUGH; UP OARS; LET FALL; OARS; HOLD WATER; 
STERN ALL; TRAIL; UNSHIP; SHIP; BOAT OARS; REST. In 
order to secure the simultaneous and prompt execution of theee 
movements the preparatory commands similar to the following may 
be used: STANI) BY TO GIVE WAY; STAND BY TO LAY ON 
OARS; STAND BY TO STERN ALL. These exercises will be con- 
tinued until the entire crew can execute them properly. It is better 
to require vigorous exertion, interspersed with frequent rests, than 
to induce a habit of sluggish and irregular execution by over- 



fatiguing the men. It should be added that the instructor need not 
shift his position when the men are backing, as he can readily steer 
from the stern. Indeed, the boat is moved In this direction with 
nearly the same facility as to the front. 

25. When the crew is well drilled in the foregoing simple exercises 
the following more complicated movements will be taught ; 

26. To turn the boat rapldljrw — ^The oars being at the final position 
Indicated for LET FALL, the Instructor commands, GIVE WAY 
BIGHT (or LEFT) ; BACK LEFT (or RIGHT). Pulling and back- 
ing oars keep stroke with the after oar of their own side. To cease 
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turning the instmctor commandK GIVE WAV, at which the backing 
oars take the direct stroke. Assisting with his own oar, ^the in- 
structor can turn the ponton with great rapidity and in a very 
small space by this method. 

27. To BMV« sideways^ — It Is sometimes desirable to move the ponton 
a short distance to the right or left without advancing or backing. 
This is effected in the following manner : To move to right, the In- 
structor directs the bow oarsman to shift his oar into the bow row- 
lock, moving the anchor a little If necessary, and to face to the right. 
The oars being at the final position Indicated for LET FALL, be 
then commands LEFT PRBPAKE TO SCULL, faces to the right aod 
prepares to ba^k with his own oar. All being in position he com- 
mands BACK AND SCULL. The left oarsmen (without attempting 
to keep stroke) then scull, each through his own rowlock, and the 
Instructor and the bow oarsman back steadily so as to preserve the 
boat parallel to its fprmer position. The desired movement having 
been effe<*ted. the instructor cooimands OARS, wnen all take their 
previous positions. The movement to left is executed in a similar 
manner by the commands: 1. RIGHT PRBPABE TO SCULL; 2. 
BACK AND SCULL. 

28. To cast anchor. — ^Tbe ponton is first headed to the current and 
its way checked. At the command PREPARE TO CAST ANCHOR, 
the right and left bow oarsmen boat their oars; the former unships 
the bow rowlock (if in the socket) and sees that the cable is clear, 
while the latter grasps the stock with both hands, each one foot from 
the shank, and stanas ready to cast It overboard. At the command 
CAST ANCHOR, he tips it into the water and assists the right bow 
oarsman in paying out the cable. ^Iien the ponton has dropped 
astern (or been backed) about five times the depth of the water, tney 
take a single turn around the left mooring post and hold strongly 
upon the cable to make the flukes take hold of the bottom. When 
this Is accomplished they gradually pay out about as much more 
rope, and then secure the cable to the left mooring post by a mooring 
knot. In deep water a relatively, less length of cable will suffice. 
The instmctor then commands BOAT OARS. 

29. To weigh anchor. — The crow being at ATTENTION, the in- 
structor commands : 1. PREPARE TO WEIGH ANCHOR ; 2. UP 
OARS; 8. LET FALL. At the first command the left bow oars- 
man loosens the cable from the mooring post, and aided by the right 
bow oarsman, passes it over the middle of the bow ; they then stand 
ready to haul in. The remaining pontoniers obey the second and 
third commands as given. The instructor then commands GIVE 
WAY, and causes the ponton to be moved slowly toward the anchor, 
the bow oarsmen taking in the slack of the cable and neatly colling 
it away in the bow. When the cable becomes vertical the way of the 
boat is checked, and the two men, pulling vigorously, raise the anchor 
to the bow, where it is held by the right bow oarsman, while the left 
bow oarsman grasps the stock with both .hands, and, aided by the 
other bow oarsman, lifts it to its position already described. They 
then resume their oars and take the stroke. 

30. To debark. — Ou approaching the landing place, the ponton being 
headed In the proper direction, the instructor commands IN' BOWS. 
At this command the bow oarsman takes one stroke, and, boating his 
oar as directed In the School of the Pontonler, takes a boat hook 
and stands ready to assist in the landing. When sufficient way has 
been gained the instructor commands WAY ENOUGH, and the stroke 
oarsman takes the remaining boat hook to assist in the landing. 
The instructor with the steering oar then brings the ponton to the 
bank in the most convenient manner, causes the rowlocks to be un- 
shipped and the ponton to be properly secured, and lands his men in 
a way similar to that prescribed for embarking them. 

31. To salute. — When passing a boat containing fi. commissioned 
officer of superior rank to any In the ponton, the chief brines his 
crew to the position of OARS. The salute Is acknowledged In th' 
same way. The salute will not be given during drill, except whe 
directed by the officer in charge of the drill. 
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SCHOOL OF THE FLOTILLA. 

32. ^ flotilla generally consists of one ponton division of eight 
boats, but it may comprise any number of boats greater than one. It 
is commanded by a commissioned officer, usually a captain, who, if 
practicable, should make use of a light boat, in order to enable him to 
move rapidly to any point where his presence may be required. Lleo- 
tenants in the pontons promptly rectify errors and prevent confusion. 

33. All commands of the captain will be repeated oy the lieutenants 
and, if necessary, by the chiefs of pontons. Preparatory commands 
will be separated from those of execution by a sufficient interval to 
allow the chiefs of pontons to add the requisite directions to their 

gontoniers. Commands of execution will be obeyed as soon as heard. 
Ignals and whistles may be used, as in infantry drill regulations. 
Megaphones may be used if desired. 

34. Inversions are Ignored. The front is always toward the bows 
of the pontons ; hence FORWARD always calls for a direct stroke 
and BACKWARD for a back stroke. In executing movements RIGHT 
and LEFT refer to the actual direction of motion. 

35. The drill unit is the single boat. Two boats constitute a sec- 
tion. In line the pontons and sections are numbered from the actual 
right; in column of single boats the boats are numbered from the 
front; and in column of sections from the right and front. Thus in 
column of sections No. 1 is on right of the leading rank. No. 2 is on 
the left of No. 1, No. 3 is behip.d No. 1, No. 4 is behind No. 2, etc. 
Sections, when formed, are niimbered in a similar manner. They are 
commanded by the senior lieutenant or sergeant in them, who gives 
the orders prescribed for the chiefs of pontons in the formation by 
boat, with any necessary additional directions. 

86. The normal interval between boats in line is 20 yards and 
distance between boats in column 12 yards. These may be changed 
by the captain, but they must not be reduced below 12 yards and 4 
yards, respectively. In a very rapid current they should be consider- 
ably increased. In the case of sections the intervals and distances 
between sections are those resulting from the intervals and distances 
of the immediately preceding boat formation. 

37. Any ponton may be designated as the guide, but unless specially 
designated the guide is always right. 

38. To embark. — The company is marched to its drill ground, where 
It is divided into boat detachments of six men each. A suitable non- 
commissioned officer or well-instructed private is assigned to each 
detachment and acts as chief of ponton. Each chief of ponton 
marches his detachment to the place of storage of the oars and boat 
hooks and obtains the prescribed number of each. He then re-fomui 
his detachment, as described in tbe School of the Boat, marches it 
to the ponton assigned to him by the company commander, emtuLrks, 
but does not shove off, and awaits the commands of the flotilla com- 
mander. Lieutenants are assigned to pontons or are otherwise used 
as the captain may direct. 

When practicable the pontons should be moored stern to the bank 
at intervals of about 20 yards. . 

89. When all tbe boats are in readiness the cantain commands: 
RHOVB OFF, which is executed as prescribed in the School of the 
Boat. The captain then commands: 1. FORWARD! 2. MARCH! 
At the first command each chief of ponton commands LET FALL! 
and at the second command GIVE WAY ! The captain embarks in 
his boat and follows up the movement. The chief of the guidinj: 
ponton directs his boat perpendicularly to the shore at a moderate 
speed. The other pontons preserve the intervals and the alignment. 
If the shore does not favor the formation of a long line or boa.U. 
they may be moored closer together and the flotilla may advance in 
column from the right or left, as hereafter described. 

40. Having gained a sufficient distance from the shore, the captain 
drills the flotilla. Two formations are recognized — ^the line and the 
column. For convenience of reference all flotilla movements are 
classified in the following table : 
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FLOTILLA MOYHMBNTS. 



InUne. 


In column. 


To halt. 


To halt. 


To dress 


To advance. 


To advauce. 


To bach. 


To back. 


To oblique. 


To oblique. 


To change direction. 
To take distaoce. 


To turn. 


To extend intervals. 


To close distance. 


To close intervals. 

To form column to front. 


To form line to either flank. 
TO form line to front. 


To form column to either flank. 





To these should be added the anchorage and debarkation, either of 
which may be executed from line or from column. 

41. Ib line, to halt. — ^Whether adTancing or backing. The captain 
commands : 1. FLOTILLA ! 2. HALT ! At the first command the 
chiefs of pontons command : STAND BY TO LAY ON OARS I At the 
second command thev command: OARS! HOLD WATER! followed 
by OARS ! when the headway Is checked. 

42. In line halted, te dress. — ^The captain commands : 1. RIGHT (or 
LEFT) 2. DRESS! The first two pontons on the designated flank 
remain as steadily as possible in position, while the others place 
theoiselves on the line. 

43. In line, te advance. — ^Whether at a halt or backing. The com- 
mands of the captain are: 1. FORWARD! 2. IIARCH! They are 
executed as already described for embarking, omitting the command 
LET FALL, if not required. If backing, each chief commands: 

1. OARS! 2. HOLD WATER! at the first command. 

44. In Hae, to bac k. — Whether advancing or at a halt. The captain 
commands: 1. BACKWARD! 2. MARCH! At the first command, 
if advancing, each chief commands: 1. OARS! 2. HOLD WATER! 
if at a halt, he brings his crew to the position of OARS. At the 
second command he commands: STERN ALL! which is executed as 
prescribed in the School of the Boat. 

45. In line, to oblique. — Whether advancing or backing. If the 
former, the captain commands : 1. RIGHT (or LEFT) OBLIQUE : 

2. MARCH. At the first command each chief commands : OARS. At 
the second comman d he adds GIVE WAY LEFT (or RIGHT) ; 
BACK RIGHT (or LEFT). When the boat has changed Its direction 
45* be commands: GIVE WAY, and directs his boat so as to preserve 
bis proper interval from the guide on a front parallel to the original 
alignment. To resume the direct march the captain commands: 1. 
FORWARD : 2. MARCH. The chiefs of pontons command : OARS, 
and GIVE WAY RIGHT (or LEFT) ; BACK LEFT (or RIGHT) ; 
and GIVE WAY as before. In backing similar commands are given, 
substituting BACK^'ARO for FORWARD, and STERN ALL for 
GIVE WAY. 

46. In line, to turn. — Whether at a halt or advancing. The captain 
commands : 1. FLOTILLA : 2. RIGHT (or LEFT) ; 3. MARCH. At 
the first command the chief of the right ponton commands : 1. STAND 
BY TO LAY ON OABS. At the second command he commands: 2. 
OARS, and, if necessary: 3. HOLD WATER. He then turns his 
ponton to the right and holds water until the other pontons arrive on 
the line. The chiefs of the other pontons steer them by the shortest 
routes to their positions on the new line. As each interior ponton 
arrives on the line it is halted. When the last ponton is about to 
arrive on the line the captain commands either : 4. FLOTILLA ; 5. 
HALT ; or 4. FORWARD ; 5. MARCH. 

47. In line, to extend Intervals. — Whether advancing, backing, or at 
a halt. The captain commands : 1. EXTEND ON PONTON NO. — 
TO — YARDS ; 2. MARCH. If advancing or backing the chiefs o: 
pontons command : OARS at the first command, and give the com 
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mands prescribed for obliquing toward the proper flank at the second, 
resuming successively the direct march as the Intervals are gained. 
All boats except the designated one Increase their speed until they 
arrive on the line. 

If at a halt, the chiefs of poutons execute the movement prescribed 
for moving sideways In the School of the Boat, halting when the in- 
tervals are gained. ^ 

48. In line, to dose interval«.-^Whether advancing, baclcing, or at a 
halt. The captain commands : 1. CLOSE ON PONTON NO. — TO — 
YARDS; 2. MARCH. This movement is executed upon the same 
principles as the last, reducing the Interval toward the Indicated 
ponton. 

49. In line, to form colankn ta the front. — Whether advancing or jt 
a halt. The captain commands: 1. RIGHT (or LEFT) BY PONTON; 
2. MARCH. If advancing, the chief of the right ponton cautions his 
men to continue rowing slowly : the others give the command STAND 
BY TO LAY ON OARS. At the second command they add : OABS. 
As. soon as the designated ponton has passed the next in line, the 
chief of the latter Qirdera GIVE WAY a9d steers obliquely Into posi- 
tion, behind t)ie first. Tb^ other pontons successively follow the 
movement so as to enter the , column at their proper distance. If 
«t a halt, the mox'ement Is executed on similar principles, the chiefs 
I9( pontons giving la succession the commands STAND BY TO GIVE 
WAY: GIVE WAY, so as to form the column as before. If the cap- 
tain ; desires to form a column of sections he commands: 1. RIGHT 
:(or LEFT) BY SECTIONS ; %, MARCH. The movement is executed 
upon the same principle^ as the foregoing, the boats of each section 
acting together under the commands of Its dhief. 

50. In Tine, to form column toward either flank* — Whether advancing 
or at a halt. The captain commands: 1» PONTONS RIGHT (or 
I.EFT) ; 2. MARCH; 3. FORWARD; 4. MARCH. 

If advancing, each chief of ponton commands : RIGHT (or LEFT) 
STAND BY TO LAY ON OARS at the jflrst command. At the second 
Ae commands: RIGHT (or LEFT) OARS; HOLD WATER. Fol- 
lowed at the proper time with the commands STAND BY TO GIVE 
WAY and. GIVE WAY. If at a halt, the commands of the chiefs of 
pontons are: STAND BY TO GIVE WAY LEFT (or RIGHT), BACK 
RIGHT (or LEFT) : GIVE WAY LEFT (or RIGHT), BACK RIGHT 
(or LEFT) ; STAND BY TO GIVE WAY ; GIVE WAY. If the cap- 
.tain wishes to form a column of sections he gives the same com- 
mands, substituting SECTIONS for PONTON. Each section turna 
to the right by the commands and principles prescribed for turning 
by flotilla, substituting SECTION for FLOTILLA in the commands. 

51. In column, to halt, to advance, to hack, and to oblique. — ^The same 
commands and methods of execution are followed as in line. 

52. In column, to change direction. — Given only when advancing. 
The captain command.**: 1. COLtMN RIGHT (or LEFT) ; 2. MARCH. 
The chief of the leading ponton or section at once executes a turn 
trj thr r1t:ht. Each boat or section executes the same movement 
upon urrlvlug at the same point. 

5:1. In cvtamn, to take distance. — Whether advancing or at a bait. 
Tho captLLin commands: 1. TAKE DISTANCE TO — YARDS; 2. 
MARC 11. If at a halt, the chief of the leading .boat or section com- 
mniKlM : STaND BY TO ^ilVE WAY, and at the second command he 
t^omruamJs GIVE WAY. These commands are repeated successively 
by tbi' chiefs of pontons or sections in rear In time to secure the 
dr'Eilgnutf d distances. If advancing, the chiefs of all pontons behind 
X^ii h'jiiUtig boat or section command at the first command STAND 
lyC TO IjAY on OARS. At the second command they command 
lUlS, ^Uid resume the march successively as the designated distances 
«Elni-d, 

*, In eolnmn, to cloae distances. — Whether advancing or at a halt. 

ruplaiu commands: 1. CLOSE TO — ^YARDS ! 2. MARCH! The 

^acut It) executed by the same commands and principles as the 

tf]t* ^Huit in front baiting or remaining at a halt and those in 

moving up together and halting successively in position at the 

iiiuind» of their chiefs. 
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55. In column to form line to either flank. — Whether advancing or at 
a halt. The captain commands: 1. PONTONS (or SECTIONS) 
RIGHT (or LEFT) ! 2. MARCH ! 3. FORWARD ! 4. MARCH ! 
The movement is executed by the commands and principles prescribed 
for forming column from line. 

56. In colamn to form line to tlie front. — When advancing or at a 
halt. The commands of the captain are : 1. RIGHT (or LEFT) 
FRONT INTO LINE ! 2. MARCH ! The leading ponton or section, 
by command of its chief, moves forward 20 yards to give the one 
following room to oblique into^ posltioti, and then lialts. The chiefs 
of the other pontons or sections give the commands prescribed for 
obliquing into line, move opposite to their positions, advance to the 
Hue, and halt, dressing upon the leading ponton or section. 

57. To aadior the flotfUa:-~^The flotttla^may be anchored, whether in 
line or in column, whether at a halt or in motion, and whatever be 
the direction of the curreat ; b<it, except in Emergencies, the direction 
of motion should be up or down stream before giving the command. 
The commands of the captain are : 1. PREPARE TO CAST ANOHOR ! 
2. CAST ANCHOR ! 8. BOAT OARS I The movements are executed 
as prescribed in the School of th« Boat, the chiefs of pontons being 
careful to make fast their cables at such at length as to preserve their 
proper intervals and distances. 

58. To weigh anchor^ — The commands of the captain are : 1. AT- 
TENTION ! 2. PREPARE TO WEIGH ANCHOR f ». FORWARD ! 
4 MARCH ! At the second command each chief of ponton, after cau- 
tioning the two bow oarsman to handle the cable, commands-: UP 
OARS! At the third command he orders: LET FALL! and at the 
fourth command : GIVE WAY ! The anchor is weighed as prescribed 
in the School of the Boat. 

59. To debarlK. — This movement may be executed from line or from 
colamn. The captain, upon approaching the shore, makes the up- 
stream ponton the guide, and commands: 1. PREPARE TO DEBARK 
AT — YARDS INTERVALS! 2. DEBARK! After the first com- 
mand the guiding ponton is grounded and moored to the bank ; the 
others, obliquing, if necessary, gain the indicated interval and execute 
the same movement. At the second command, which is not given -until 
all the boats are secured, the chiefs of pontons file their men out, 
taking with them oars and boat hooks, unless otherwise Instructed, 
snd form their detachments facing their respective boats. The 
captain then gives such directions as may be necessary to re-form the 
company. 



CHAPTER 4. 

BRIDGES WITH THE BBIDGB EQUIPAGE. 
SELECTION OF SITE. 

1. The location of a bridge is usually fixed by tactical requirement^ 
but occasionally the advantages of a site may govern the movementi 
of the troops. The orders for the construction of a bridge shouU 
prescribe only the limits within which the site may be chosen, leavioi 
its exact location to be selected by the engineer officer in charge. U< 
makes a reconnoissance of the reach prescribed in the orders an^ 
determines the site and method of construction, keeping in mind botl 
the tactical and the technical requirements of a bridige site. < 

2. Tactical reqairemcnts. — In an advance the near shore shouM 
afford concealment for the operations preparatory to bridging aM 
should command the farther shore. The latter should be open n 
allow of rapid deployment, and should not have near the bridge an] 
high or dlmcult ground which the enemy might occupy. In a retreal 
high or difficult ground on the side from which the bridge starts U 
advantageous, as it enables the retreating force to hold on and u 
cover the bridge. The opposite shore should afford cover from hostil 
observation. If the bridge must be located in a bend, the passage 
should be toward the convex bank in an advance and toward the con 
cave bank in a retreat. Concealment from possible artillery fire I 
always to be sought. 

3. Technical reqairemcnts. — ^The bridge should be located In a stralgU 
reach or gentle bend, where the bed affords good anchorage, sloped 
gradually away from the bank, and is free from snags, bowlders, reef< 
or other obstructions ; where the current is regular, parallel to ttu 
banks, and moderate ; where the banks are firm and, if much abov^ 
the water, have easy slopes and are not rough, broken, or liable a 
overflow during ordinary rises. A bridge site meeting all these cop 
ditions will rarely be found, but as many of them as possible shoiu 
be secured. The exit should be easier than the approach to avoU 
crowding on the bridge. A tributary stream may afford concealmem 
for the assembly of materials, in which case a site just below in 
mouth may be better than one elsewhere. 

4. In addition to the foregoing the width of the stream, velocity 
of current, depth of stream, rise and fall of tides, variation ii 
width of wettea section, and frequency and height of ordinary dootl 
should be determined. Except for the measurement of width. odK 
rough data are required; the width should be determined fairij 
accurately. 

5. A narrow stream may be measured bv stretching a line acro<i 
it. The width of any stream may be determined with sufficiea 
accuracy by the use of a prismatic compass or pocket sextant ami J 
base line measured by a tape or even careful pacing, utiliEing tW 

Srinciples of similar triangles or of trigonometry. Velocities may W 
etermined by the method of surface floats and depths by the use « 
sounding poles or lines. The rise and fall of tide are determlnt^ 
by observing the marks made by high tide and, if possible, bv observ 
ing directly the water surface at both high and low tides. An allow 
ance of a foot or more should be made for unusual tides. Tp< 
height of ordinary floods and variations in stream width may be de 
termined by the location of drift and information from the in 
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habitants if no records of the stream are available. The frequency 
of rises must be learned from the inhabitants, from records, or from 
a general knowledge of the characteristics of streams in the same part 
of tlie country, 

UNLOADING THE EQUIPAGE. 

6. The hcary eqaipage. — ^A detail of 20 pontonlers is required for 
each ponton. The location of the bridge having been selected, the 
ponton wagons are brought as near the river bank as possible, with 
the rear of the wagons toward the stream. The pontons are un- 
lashed and slid from the wagon beds directly into the water when- 
ever possible. When a ponton can not be unloaded directly into the 
water, one end is slid from the wagon to the ground and the ponton 
then let carefully down by its unloading detachment; a barrel or 
roller is helpful in this operation. The ponton is then dragged or 
carried to the water and launched. Where the banks are too high 
to permit of launching the pontons directly into the water the boats 
can -be skidded into the water on balks laid from the bank. As soon 
as the pontons are in the water the anchors are brought aboard. 




Fio. 36. — Method of folding ends of canvas cover on the light 
ponton. 

cables attached and coiled In the bows of the pontons, with the anchor 
on top with its flukes projecting over the gunwale. The pontons are 
then moored at convenient points along the bank. The trestles and 
other material are unloaded in convenient places near the work, their 
location depending upon the method of construction to be employed. 

7. The light eqaipage. — A minimum detail of eight men is required 
to unload and assemble each light ponton. A convenient locality is 
selected and the ponton wagons are brought up about 10 yards apart. 
The ponton frames and chests are then unloaded. To assemble each 
ponton the cover Is spread on the ground and a side frame is laid 
ou the outer strip of the cover with its bottom edge toward the 
center. The transoms are then inserted, the becket transoms being 
placed so that the beckets shall be toward the center of the ponton. 
The other side frame is then placed on the transoms. A lashing is 
passed through the rings of the side frames at each end, made fast, 
and twisted up with a rack stick. The frame is then turned over 
and centered on the canvas by means of the corner marks. The cover 
la then lashed on, care being taken that the canvas is brought up 
evenly all around the gunwale. At the end which is to be tne bow 
the corner folds are turned back outside and along the sides of the 
boat to offer a smooth surface to the water, while for the same reason 
at the end that is to be the stern the corner folds are turned back 
outside and against the end of the ponton (fig. 86). 



62 POKTOK MANTTAl. 

As each ponton is assembled, its detail carries It to the river and 
launches it. The canvas must not be allowed to rub or drag on any 
object nor to rest on any sharp point. If necessary to carry the 
boat any considerable distance, the men. place the ponton on their 
shoulders. If the Tvater at the bank Is too shallow to float it, the 
men wade into the water before launching the ponton. As soon as 
each ponton is launched, it is moored, floored wftti 8 chess, and pro- 
vided with 1 anchor and cable, 2 boat hooks. 18 lashings, 5 paddleft, 
1 pump, 8 rack sticks, and 2 scoops. The other material is unloaded 
in convenient places as near as practicable to the place where the 
bridge will be constructed. 

CONSTRUCTION. 

8, Thp abiitment bay. — Where the level of the tcater is not Hkehj lo 
vary sensibly during the continuance of the bridge, two cases may 
arise : 

First. When the water at a distance of one bay from the abutment 
is deep enough to float a ponton when loaded. The course here pur 




Fia. 37. — Trestle set up. 

sued is that hereafter described in the method by succesBlve pontons 
<flg. 44). and Is the one normally used for drill. 

Second. When the water at a distance of one bay from the abut- 
ment is too shallow to float a ponton when loaded. In this case tbt" 
first ponton is replaced by a trestle (flg. 37), which may be set up in 
place, may be placed as shown in flgure 88 and described later under 
trestle bridges over a watercourse, or may be placed as follows 
(flg. 39) : The abutment sill having been placed as described in 

Karagraph 17, a ponton is brought up opposite It and two construction 
alks (long for heavy equipage, short for light equipage) are laid 
from its interior gunwale to the shore; a trestle cap is suspended 
from these by lashings and the claws of two trestle balks are engaged 
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« ate vAp. ' Yhe pontob Is pilftli^^' otf uotll the sbpre ends of the 
restle balk cah be engaged on tlie abutment sWl, or, In case of very 
(hallow water, on the cap of a trestle previously laid from shore. 
Phe legs are Inserted In the mortises of the cap, the shoes placed and 
teyed, and the legs driven down into the bed of the river. The pins 
md wedges are then placed and the ponton and construction balks 




Pig. 88. — Abutment bay wit6 trestle. 



Fig. 39. — Method of plac- 
ing trestle from a ponton. 



removed. - If it ts ddstrcd to tstaWlsh the ^trntng more than 2 leet 
above the water, the method Indicated In figure 40 is preferable. 
The remainder of the construction proceeds in the usual way. 

It Is well to remark that aU bays which are sustained by fixed 
inpports at one or both of their extremities, should be reinforced by 
laying two extra balks (fig. 41), one between the fitst axid second 




Fig. 40. — Method of rais- 
ing floor more than 2 
feet above the water. 




Fig. 41. — Method of lay- 
ing two extra balks* 



balks in contact with the second, the other between the fourth and 
fifth, in contact with the fourth — in order that they may have the 
same strength as those supported by pontons. This is necessary be- 
cause the distance between the bearings is greater and the strain 
from a shock is more severe with fixed than with floating supports. 

9. The abutment hay. — Where the pontons rise and jail, as is the 
ease in tidal streams, the floor of the first bay Is constantly changing 
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its inclination, while that of the remainder of the bridge continvi 
horizontal. This hinging motion on the first ponton may be prov^' 
for in two ways : 

First, By equipping the first ponton with a saddle (fig. 42). 
saddle transoms are engaged on the gunwales of the ponton, 5 inch 
inside of the extreme lashing hooks; on these transoms is placedj 
sill resting in the recess formed by their cleats. Seven trestle ' 
connect this sill with the fixed support and five balks with the i 
ponton — where the lashings are made in the usual manner, 
side rails over the hinge should not lap, but merely meet over 
saddle. The second bay may also be reinforced. This method l 
employed when the bridge is to be subjected to very heavy loads, 4 
when it is to be used as a thoroughfare for a long time. It is nt 
applicable to the light equipage. 

Second. When the loads are to be moderate And the bridge is fa 
temporary use, the hinging bay may be arranged in the zoUowinj 
manner (fig. 43) : The trestle balks from the fixed support axe ei 
gaged on the interior gunwale of the first ponton, and the balks o 
the second bay are lashed to both gunwales of this ponton. 
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Fig. 42. — Ponton equipped with saddle. 



Fio. 48. — Second method 
^for hinging. 

10. When the river bottom is of mud or sand and shoals gradually 
the bridge may be built as described in the article on successive pon 
tons, placing the abutment sill about 2 feet above high-water mark 
As the water falls, the pontons ground successively, forming a gentl* 
ramp from the abutment to the floating portion of the bridge. Thii 
can not be done with the light equipage. 

11. Trestles on soft bottoms. — Where the bottom is soft or yielding 
trestles give much trouble from unequal settlement of the legs. Thii 
trouble may be somewhat remedied by lashing spars about 6 incbe 
in diameter on each side of the legs, Just above the shoes, to act ai 
a mud sill. 

12. The bridge. — There are four methods of constructing a pontoi 
bridge, viz, by tucceaaive pontona, by porta, by rafta, and by von 
veraion. 

Although the varied circumstances under which military bridgei 
are constructed in the. field preclude the possibility of executing tnii 
kind of work with the precision that should characterize other mill 
tary movements, yet to insure the proper division of labor and prompt 
ness of execution, a routine drill for the instruction of engineei 
troops is necessary, the details of which should be as closely fol 
lowed in actual service as circumstances will permit. 

The method by successive pontons (fig. 44) is used as a drill unti 
the principles of construction are well understood, after which th< 
pontoniers are instructed in the other methods for which no formal 
drill is prescribed. 
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BRIDGE BT SUCCESSIVE PONTONS. 

13. Penonnel. — ^A larger iimnber of men than shown In the follow- 
ing table may sometimes be used to advantage In the construction 
of the bridge when great speed Is required, the table showing only 
the normal number of pontoniers adyisaole for one division of 
equli>age. When a company Is assigned to instruction with the bridge 
equipage, the details from it will be regulated so as to provide for 
the drill as near the normal number as possible. Where the bridge 
exceeds one division in length, in order to keep up the same speed 
of construction as contemplated in this table, the number of anchor 
detachments, balk carriers, chess carriers, and side-rail carriers must 
be Increased. 



Name of section. 


Nonoom- 

missioned 

offioers. 


Pontoniers. 


Totel. 




1 
2 
2 
1 
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1 
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8 
8 
8 
10 
10 
2 
22 
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12 


Swe?^^...:::::::::::::::. -.:.... : 
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Vheea 


23 
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10 


76 


86 







In constructing a ponton bridge, the anchorage and the lashings 
are the two points that require particular attention and the men in- 
trusted with their execution should be selected from the most intelli- 
gent and experienced pontoniers In the command. 

14. Location of material (fig. 45). — ^Those pontons destined to cast 
upstream anchors are moored above the entrance to the bridge; all 
the others below. The balks are piled on the left of the entrance to 
ithe bridge in the following manner : Two balks are laid on the ground 
parallel to each other and 18 feet apart ; across these a layer of balks 
nearly in contact ; then two chess directly above the first two balks ; 
then another layer of balks, etc. The chess are piled on the right 
Bide of the bridge as follows : Three balks are laid on the ground 
parallel to each other and about 4 feet apart; on these a course of 
10 chess, nearly in contact ; across these 10 more chess at right angles 
to the first layer, etc. 

15. Formation of sections. — The material having been unloaded and 
lall preparations made, the company is re-formed and the sections 
«bove prescribed selected. Each section is formed In two ranks, non- 
commissioned officers on the right (flg. 46). Where two noncommis- 
'8i(med officers are assigned to a section each has charge of one rank. 
The pontoniers are numbered from right to left in each section, the 
rear rank and front rank men to each file having the same number. 

One lieutenant is assigned to the line of upstream anchors, and 
standing on shore supervises the casting of anchors and the move- 
ments of the upstream anchor section. 

Another lieutenant supervises the location of the abutment and 
then takes his post at the head of the bridge. 

The third lieutenant usually supervises the downstream anchors 
and keeps a watch over the movements of the sections at the piles 
of material to see that the material is promptly gotten out. 

The captain supervises all the operations. Officers move about as 
required by their duties. In moving on and oflF the bridge men keep 
as dose to the right-hand i^de of It as poasible. 
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SECTION 
a — Abutment 
b — Upstream Anchor 
c — Downstream Anchor 
</— Balk Carrier 
e — Balk Lasher 
f — Cable 
g — Chess 
A— -Side- Rail 



SCALE 
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»y successive pontons. Fig. 45. — Location of ma- 
1. Fig. 46. — ^Formation of sections. 



16. Tlie AectiotM haVlncr been detailed, the captelii commandB 
CONSTBTJCp THB BBIDGE, at 'wMch command all sections com- 
mence thetr duties' and cbrry tbem out as prescribed below. It is 
intended that the one command of the ciiptatn shall cause eTerjr 
operation In the cbnstrnctloii of the bridge by successlTe pontons to 
take place in Its proper sequence, the noncommissioned officers in 
charge of sections keeping close ^atch upon the progress of the bridge 
and seeing that their sections at-e on hand at the instant they are 
required. The lieutenant at the head of the bridge keeps the sections 
moving promptly by calling their names, for example, CHB88, SIDB 
BAILS or BALK. It is important that no more noise than necessary 
be made in order that all mily understand the commands given by the 
officers. •' 

17. The alwtmcnt section; — ^The abutment section excavates ft treneh 
1 foot deep by 1 foot wide' to receive the abutment sill. The sUl 
should be horizontal, exactly perpendicular to the axiti proposed fofr 
the bridge, and firmly" secured In place by four picket^ driven two Hi 
front and two In rear, about 8 Incnes from each end. As soon as the 
balks of the first bay are In position- A chess Is placed against their 
ends, Its upper edge on a level with the surface of the chess forming 
the roadway: It is secured by two pickets, and by packing efirth to 
rear of it. The approach to the bridge is then prepared by cutting 
down the bank if necessary. 

Having finished the first abutment, the abutment section, taking 
with it a s Hl, a che ss , 8 p i c k et s, 2 cables, and the necessary tools, la 
taken to the opposite bank by an anchor detatiiiment, pltfbes the ehore 
lines, and prepares the approach and abutment on the far shore, so 
that there-wHl^be n9*4e)ay ^ 4he completion of the bridge. - 

18. The anebor aecti^nfl. — Each anchor section is divided inie two 
detachments consisting ef a noncomnalssloned. officer and four men. 
£ach detachment ombprks in a ponto9 as soon afi ^e comnland la 
given to construct the^bridge. 

Each upstrean^' anchor detachment mool-s^ts" boinri6~th^.line of 
upstream anchors an4 above its place In- the bridge. As soon as the 
position of the ponton has been verified the anchor is cast. 

The first detachment then drops it» ponton downstream ' without 
further command bppi^eite the abutment and close to the shore, pay- 
lug out the cable as the boat fioats down to -its place. The cable 
men enter the ponton, , the cable da. tjorned over to them, the anchor 
detachment comes ashore, emoarks in another ponton and proceeds 
to the line of upstream- aqchors as before. 

The first downstream anchor detachment casts- ap anchor in a 
manner similar to that prescribed for the upstream a^ch^rs, then 
palhs up to the bridgehead, hands over ^ta cable and boat to .the cable 
men, disembarks, and wtepi another downstream ponton. 

The second upstream anchor detachment, fis soon as its anchqr is 
cast, drops its ponton down; near its plaoe in the bi;idge but clear of 
the latter. W^ien the pjecedlug down*stream ponton Is shoved off the 
second upstream ponton, without further command, drops 4own be- 
side it. The cable men enter the upstream ponton* take its cable and 
hold the ponton to the downstream ponton. The crew .of the upstream 
ponton then (}isemb|Lr)(^ passing off by the right-hand side of the 
bridge as soon as the portion covered with chess is reached, proceed 
at once to another upstream ponton, and repeat the duties they have 
Just performed. 

The second downstream anchor detachment does not cast anchor, 
but pulls its ponton direqtly to its place in the • bridge after the 
second upstream ponton has been shoved off and turns the ponton 
over to the cable men. 

These operations are repeated in succession by the respective up 
and down stream anchor aetaghm^nts. . < . . 

19. The eable men.-^At the Qommand CONSTRtJCT THE BRIDGB 
the cable men drive two plackets, one 30. paces above and one 30 
paces below the axis of the bridge. To each qf these a shore line is 
made fast, the free ends of v^hijch are carried by them intq the bow 
and stern of the first ponton. The front-rank man. attends to th« 
bow and the rear-rank nian to. the stern lines. When the first ponton 
Is pushed off it is brought into its exact position by means of these 
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lines. The officer in cliarge at the head of the bridge then commands: 
MAKE FAST ! Both lines are drawn taut and made fast to the moor- 
ing posts by a mooring knot. The cable men then «tep into the second 
ponton, receive the anchor cables from the anchor detachment, bring 
the second ponton into place as soon as it is pushed off, and hold It 
so until the second bay is nearly covered. Thev then step into the 
third ponton, carrying the cables with them. When the third bay is 
nearly covered the upstream cable is made fast, but the downstream 
cable is carried to the fourth ponton, etc. 

20. The ImUe ladiers.— At the command CONSTRUCT THE BRIDGE 
the front rank of balk lashers proceed to the head of the bridge and 
enter the first ponton as soon as it drops into place. The noncom- 
missioned officer takes a bundle of lashings from the locker in tkt 
stern and distributes them, two to each man. The men take their 
places opposite the lashing hooks, facing toward the shore, receive 
the ends of the balks presented to them by the balk carriers and en- 
gage the claws on the further gunwale, take one turn of the lashin; 
around the end of the balk, and throw their weight on the latter as 
tiie boat is shoved off. As soon as the second ponton is brought to 
the head of the bridge the rear rank, placing their hands on one 
another's shoulders to steady themselves, walk along the balks already 
laid into the second ponton, where they take a position similar to the 
front rank. When the second set of balks is brought up they receiye 
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the ends from the balk carriers, lay them in place, and hold them ai 
described above, when the boat is shoved off. In the meanwhile thi 
front rank adjust the balks and lash them firmly, as shown in flgun 
47, to both gunwales of the first ponton. The front rank then posi 
into the third ponton. These movements are repeated in sequence 
until the bridge is finished. , 

The balks of the odd-numbered bays are laid as upstream balks 
that is, the downstream faces are placed to coincide with the marki 
on the abutment sill directly over the lashing hooks. The balks ol 
\11 even-numbered bays are laid as downstream balks. 

21. The balk carriers.— At the command CONSTRUCT THE BRIDOl 

he balk carriers place five balks on the ground parallel to the axl 

tt the bridge and 2 feet apart, take their places, the front rani 

>pposlte the front ehds and rear rank opposite rear ends of tm 

)alks. As soon as the noncommissioned officer sees the first pontoi 

ibont to reach its position he commands LAY HOLD! BAISBI 

SHOULDER ! FORWARD ! MARCH ! Each file raises a balk, tlM 

front rank to the right the rear rank to the left shoulder, and tM 

ection moves in line to the head of the bridge, where the noncon 

missioned officer commands HALT! LOWER! At the last coiri 

mand the front rank pass the front ends of the balks to the lashen 

In the ponton and, stepping back, assist the rear rank with tm 

)rear ends of the balks. As Soon as the lashers have secured the balls 

to the ponton the chief of section commands SHOVE OFF! Taj 

hftlk carriers push steadily against their ends of the balks until tbi 

ponton is in position and then turn over the balks to the lasben 

They are then marched off by the left flank and, proceeding to tli^ 
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pite of bftlkfl, lay out five more Im1Iw» wtaAch tliey cany to tke bridce 

as soon as called for In the manner Just prescribed. 

22. The dwsi sMtisn.— -At tbe command : CONSTRUCT THB 
BRIDGE, the noncommissioned officer marches his section to the pile 
of chess and designates two men to act as chess layers. When the 
balks of the first hay are secured, the noncommissioned officer forms 
his section in column of flies, the chess layers in front without chess. 
Each of the others carries a chess under his right arm. the forward 
end well up. They proceed to the head of the bridge, deliver the chess 
to the chess layers then return to the pile of chess. The chess layers 
stand on the balks to be covered (one on the first and second, the 
other on the fourth and fifth balks), facing toward the shore; they 
receive the chess from the carriers and place them, shoving each one 
hard ag^dnst the preceding one, keeping^ the score marks in a con- 
tinuous line on the axis oi the bridge. The chess are laid to within 
1 foot of the ponton. After the chess carriers return to the pUe 
of chess each man, at the proper time, takes another chess and the non- 
commissioned officer forms his section in column of flies near the abut- 
ment In readiness to pass on to the bridge at command. 

23. The sid»«stt secttsii.— At the command : CONSTRUCT THB 
BBIDOB, the noncommissioned officer forms his section and lays out 
two balks for the side rails of the first bay. 

As soon as a bay has been completely covered with chess the side 
rails are laid and lartied. They are placed immediately over the outer 
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! balks and are secured by passing a lashkig, twice if doubled and 
three times if single, round the balk and side rail, tying it loosely 
I In a half bowknot <figi 48), and then twisting it tightly with a r&dk 
stick. There are three lashings on each rail, one at the middle, the 
I others over the axis of each ponton embracing two balks and two side 
mils. The lashings over tne pontons on each bay are not made 
until the side rails for the next bay have been laid. The rack sticks 
incline toward the far shore on the right side and toward the near 
shore on the left side of the bridge. The side-rail lashers move from 
bay to bay, taking the lashings from the pontons and waiting in the 
latter until the side rails for the next bay are laid, when they proceed 
to make the lashings as above described. 

24. Anchorages.^ — ^The distance of the anchor from the bridge should 
be 10 times the depth of the stream if practicable ; with a less distance 
the bow of the ponton might be submerged in swift current. The 
direction of the cable when made fast to the bridge should coincide 
with that of the current. Before turning the cable over to the cable 
men the chiefs of the anchor detachments make sure that the anchors 
have a firm hold on the bottom. When necessary the anchors should 
be recast. A cable is not finally made fast to the same ponton from 
which its anchor was cast, but to a ponton following it in the bridge, 
and due allowance must be made for this when casting the anchor. 
It is generally sufAcient to cast an anchor upstream for every alter- 
nate ponton, and half that number downstream, but where the cur- 
rent is very rapid it may be necessary to anchor every boat upstream, 
especially near the middle of the bridge. The normal number of 
anchors can not be much diminished, however moderate the current, 
as the anchorage has a very marked effect in checking the horizontal 
oscillation to which floating bridges are subject when troops are 
marching over them; tor this reason it is frequently advisable to in- 
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•'^raase the num1>er of dcywusfream anclHKrs. A' down8ti«am cable if; 
never attached to a ponton that is not also anchored tip8ti«am. 

25. 8c!<|aence df events. — The seqxt^nce of 0Vt/AtB is -as follows, start 
Ihg trith the command, CONSTRUCT THE BRIDOB: 

" All of&cerd and sections proceed to their posts and take up their 
respective duties. 

■ The first ponton is moved into place 'and* its crew comes ashore 
and goes for another pontdn. The cable men and the front rank of 
balk lashers enter.- The balks are then passed to th« lashers in the 
first' ponton and temporarily se<rured by them ; the first ponton 1b 
shoved off, its position is adjusted and the cables made fast by the 
cable men under the direction of the lieutenant at the head of th^ 
bridge. The chess are then laid. While the first ponton is being 
placed the second ponton (first downstream pMiton) is brought along- 

- side, and the second rank of balk lashers and the cable men enter It. 
the cable men carrying the cable of the first anchor cast. The cable 
men take the cable of the second poutou and hold that ponton to the 

- first by a -quickly removable ^lashing. The crew of the second ponton 
passes ashore and gtfm for another ponton^ 

As soon as the last cihess is placed -the baUks^for the second bay are 
'brought up, passed to tbci balk lashers,' and the second ponton is; 
shoved off, aligned, and made fast as prescribed for the first. Thfi 
balk lashers In the* first ponton- make the permanent lashings and 
pass into the 'third ponton,- whioh has-been brou^^t alongside tbe 
second. 

Aa jiQon..Aa any .bay.:i&:i[;omi^tely. cove.rfid»-.aide rails Are brought 
up, placed, and lashed. 

.Wh^n the officer at the end of the b:]^dge. commands or signals, 
** R'AIfT/* all. detachments moving toward .the head of the bridge halt 
in place, while thOB» leaving continue and pass off tho bridge. Th4 
cofif>^truction is resumed by calling for the section desired. 

26. Dismantling by saccessive. pontons. — ^Tbe material is supposed t<^ 
be trfijisferxed t o , ^be " bore opposite, to. that frxiin. which, the bridge 
was constructed. The bridge Is dismantled by successive pontons In 
the inverse order of the operations prescribckl for the construction ol 
the bridge. 

SRn^GE BY PARTS. ' » 

' 27. Method of coiistmction (fig. 49). — ^The abutment is constructed 
as in the previous method. The parts are constructed at suitabU 

Joints along the shore above the bridge, and for each is require<l i 
ctachment of not less than 12 men and the material for three bays 

They are constructed as follows : 

A ponton Is moored bow and stern close to the shore and five che« 
9 re temporarily laid from the bank to its Interior gunwale for th< 
corivenience bf the pohtonlers during the construction of the part. 

The other* two pontons are brought up in succession and two bay^ 
. are constructed in the ordinary manner, except that seven chess aw 
oiriltted from the roadway at each end. Twenty-seven chess and 
seven balks are loaded on the part thus formed, which is thed 
pushed Off and Woved to the line of upstream anchors, where it 
casts at least one of its anchors and drops down to its place In th< 
bridge. 

The first part is connected with the abutment bay by the pon 
tonicrs on shore, who construct one length of bridge fiooring in th< 
Ubual manner to Join the abutment bay with the first ponton of th< 
pajt. 

The other parts are united to the bridge as they come Into posi 
tlon by bays formed from the balks and chess with which they an 
loaded. When the parts consist of an odd number of pontons th< 
parts miust be numbered successively. The odd-numb«red parts laj 
upstream balks in the bay which will be nearest the abutment, whlU 
th'e even-numbered ones lay downstream balks In the correspond 
lug bay. 

The downstream anchors are cast from separate pontons provldetl 
for the purpose, and it may sometimes be necessary to cast the up 
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stream anchors In the same way, as the parts are not easily mai- 
aged in a rapid current. 

When the current is moderate the parts may be constructed b«k>v 
as well as above the bridge. 

28. Method of dismantlinff. — The parts are separated by removlis 
the connecting bays and loading the balks and chess of which tbey 
are formed on the nearest part. Each part is next drawn by its 
cables to the line of upstream anchors and its anchors weighed; it 
it then rowed to the shore, where it is dismantled. 

The material of the abutment bay is carried off in the abutment 
ponton. 

When it is impracticable to weigh the anchors as above described 
buoys are attached to the cables, and they are abandoned, to be 
picked up later. 

BRIDGE BY RAFTS. 

29. Method of constmction (fig. 50). — The abutment bay is laid in 
the same manner as in the method by successive pontons, and the 
rafts differ from the parts only in having the roadway completed — 
that is, the seven chess at each end are not omitted. The rafts are 
not loaded with extra balks and chess, but are provided with two 
false balks 6 feet 9 inches by 5 inches by 5 inches, and with four rack 
collars and four pairs of wedges (figure 51). 

The rafts cast upstream anchors and are dropped down to their 
places in the bridge. Other anchors are cast as in the precedlofj 
method. The ends of the balks of the adjacent rafts are placed inj 
contact and the pontons are lashed together bow and stem by their 
mooring posts. The false balks are laid over the side rails of the; 
two rafts at their junction and are secured by twp rack collars, which 
eml>race the false balk and the side rails and balks under them. 
These collars are placed on each side of and 2 feet from the Junction 
ot the side rails. The wedges are driven between the false balks and 
the tops of the collars. 

Rafts must be numbered and balks laid upon them as in the pre- 
ceding method. 

The bridge is dismantled by removing the false balks and then pro- 
ceeding as in the method by parts. 

As the method by rafts is seldom employed, it has not been con- 
sidered advisable to carry collars and false balks in the ponton divi- 
sions. The collars are carried in the supply division and the false 
balks are made when required by cutting a long balk into four pieces. 

BRIDGE BT CONVERSION. 

30. Method of constnictlan (fig. 52). — The position of the bridge hav« 
ing been determined, the width of the stream is accurately measured 
and a suitable place at some distance above the abutment is selected 
for the constmction of the bridge. This place may be at a con- 
siderable distance from that which the bridge is to occupy ; it is fre^ 
quently on some tributary of the stream to be bridged, out of sight 
of the enemy's shore. I 

The bridge is constructed parallel to the shore. Bide rails are 
lashed on all except the extreme bays. The balks, chess, etc., for th« 
abutment bay on the far side are placed on the next to the lant np^ 
stream bay of the bridge. An extra ponton is lashed to the last up* 
stream ponton in the bridge. This contains the articles necessary 
for con<<tructing the abutment and two extra pickets. The upstreaia 
anchors are placed in the bows of the boats one or two boats upstream 
from the ponton to which they will finally be attached. Ten or 
fifteen yards of their cables are colled and the remainder is 8tretche<1 
along the bridge toward the pivot. Two strong spring lines, consider, 
ably longer than the bridge, are stretched and fastened— one over the 
bows and the other over the sterns of all the pontons, with the ends 
coiled on the extreme bays. The bridge is then allowed to floti 
down until the downstream ponton is within 15 yards of the nett 
abutment and ia made fast to the shore. 

The material for the near abutment and bay Is brought down in i 
ponton. Two pickets or other holdfasts are prepared for the sprln| 
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Unes, and two for the nhare lines; which have been coiled on the 
roadway between the first and second pontons. The near upstream 
spring and shore lines are then made fast and the near abutment 
completed. 

The upstream end of the bridge is then shoved off, and men are sta- 
tioned in the bow and stern of eachi)onton with oars and boat hooks 
to increase or retard the progress of the bridge as may be necessary. 
One detachment is stationed ^t the near abutment to handle the 
4ipring IJlnes ; another to prevent the pivot end from touching the shore. 
A turn 6t the shore line is also taken around the mooring post of the 
pivot ponton, and this line is eased off as necessary. The anchors are 
cast as the pontons in which they are carried pass the proper places* 
and their cables are sjiifted to the pontons to which they are to be 
attached. The progress of the bridge is checked Just above the line of 
the abutments and it Is slowly eased down to its final position. The 
downstream anchors are cast from separate pontons, as in the bridgje 
by parts. The far abutment is thea constructed and the shore bayi 
are laid. 

31. Method of dismantling. — ^This maneuver is rarely executed, except 
l>y an army in retreat, closely followed by the enemy. 

The shore bays are dismantled ; the spring lines are left fastened j 
1)110X3 are attached to the downstream anchor cables, which are caal 
oil! ; the upstream anchor cables are lengthened out with spare rope ; I 
strong line is passed from the next to the outer ponton to the shon 
toward which the bridge is to swing. The bridge is allowed to swinl 
around^' the upstream anchor cables and upper spring line bein] 
eased oif. Wiien the swing has been about half - completed, the pon 
tons form such an angle with the current that the bridge no longet 
tends to move in an arc. The tendency then is to move obliquelj 
downstream ; the strain on the lower spring line than becomes ven 
great, and the pontonlers must haul In on the shore line and use then 
cak*s and Doat hooks. The upstream anchor cables are buoyed an4 
cafet loose if necessary. After the swing has been effected the bridgt 
te' floated downstream to some sheltered place and there dismantled 
' 82. Comparison of the fonr methods. — The method of construction b| 
sutceasive pontons possesses the advantages over the others of bein| 
applicable to all streams whatever may be their velocity, and of re 
quiring the minimum quantity of equipage, the fewest pontoniers, an< 
the shortest time for its construction. However, the labor of con 
st^ucting a bridge by this method increases rapidly with the numbei 
of bays. Thus the balk and chess carriers in constructing a bridge <M 
40» bays are obliged to walk 61 miles ; in one of 50 bays nearly 101 
miles ; of 60 bays 14i miles ; and of 100 bays 40 miles. 
' The method by parts ordinarily is used in connection with thi 
m^hod by succesive pontons. When the bridge is to be more thai 
401 bays in length these methods are combined as follows : The bridgi 
is begun at both ends if possible by successive pontons and is pushed 
on rapidly toward the middle of the stream. The two portions thof 
formed are connected by parts which are constructed in the meam 
while along the river bank above the bridge. 

The method by rafts is employed when the passage of a river is t^ 
be forced, and when the rafts can be constructed unobserved by th^ 
enemy, in which case the pontonlers will -be exposed to fire but i 
short time ; that is, while the rafts are floating into position and bein| 
connected. In order that this method of construction should b< 
successful, the current must be moderate, and there must be at i 
reasonable distance above the bridge positions where the rafts cal 
be constructed undisturbed by the enemy. Such positions wouhl H 
afforded by islands or tributaries in our possession. This method U 
also employed when the bridge is liable to injury from floating bodies 
as the portion threatened can be readily disconnected, dropped ouj 
of the bridge, and restored to its place when the danger is past. l\ 
may be used by an army hard pressed in retreat, as the rafts on th^ 
enemy's side of the river may be disconnected and moved to a plao 
of safety. 

*rho conutructiofi^ by conversion Is a still .more diiBcalt operation 
To insure success the current must be moderate, the holding grount 
good, and the pontonlers skillful, intelligent, and cool. The awkward 
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nes8 of a single nan» the draniiiff ef an anchor, me the parting of a 
cable may cause the failure of the entlre^operatifin. The_op|^rtanl- 



tiea for employing this method successfolly will be exoeedinglj rare. 

33. Drawbridge (flg. 53). — In navigable atreama it la frequently 

necessary to provide a draw in the bridge; this is effected by intro- 



ducing two or more rafts, constructed as described in paragraph 30, 
and located i/i'the part of the bridge through which it is most con- 
venient for vessels to pass. A swing line is attached, one end to the 
bow of the middle ponton of the draw and the other to the stem 
of the second ponton from the opening on the side toward which the 
raft is to be swung. To open the draw the raft is disconnected from 
the adjacent pontons and fs allowed to drop out of the bridge by pay- 
ing out the cable of- its upstream anchor. When the swing line be- 
comes taut the raft will swing into the required place as the anchor 
cable is further slackened, and it Is then made fast by the swing^ 
line. The raft is replaced in the bridge by casting off the swing line 
and hauling in the cable of the upstream anchor. The draw may be 
also formed of two rafts, one dropping to the right and the other to 
the left of the opening. 

34. Bridge wHIi extended Intervals. — ^This method is shown in figure 
54. It has the advantage of increasing the normal length of a 




Fio. 54. — Bridge with extended intervals. 



bridge with a. given number of pontons by about 25 per cent, but it 
does not give the same strength or stiffness as the ordinary method. 
It answers, however, very well in small streams if the bays are rein* 
forced by extra balks and even without this precaution when proper 
care is taken in passing the loads over the bridge. 

35. Reloading the heavy pontons. — In dismantling ponton bridges the 
balk and chess may be loaded directly on to the wagons or they may 
first be piled as described in paragraph 14 and loaded subsequently. 
For loading the boats the pontoniers are divided into sections of 1 
Qoncommlssloned officer and 20 men each. Seven balks having been 
placed on the wagon and secured by the dowels, the ponton may then 
be raised to its place by one of the following methods if the nature 
of the shore does not permit it to be floated upon the wagon backed 
into the water to receive it. In the first and third methods the front 
ends of the balks should first be fastened down. 

30. First (fig. 55). — When two strong casks can be procured the 
ponton Is placed in rear of the wagon with its stern toward and 
about 14 feet from the rear ends of the balks. The stem is raised 
rafflciently to allow the two casks to be placed under the ponton 
directly below the stern lashing rings, so that the chafing battens 
rest on the bilges of the casks. The pontoniers, who are stationed 
on each side of the ponton, seize it by the gunwales and push it 
forward toward the wagon, riolliDg it on the casks. As soon as the 
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stern rests on tbe< sldeMails ra^ Btlck9 Kre tteidoatliQ} latter and tbe 
ponton, is rolled. into place. ' . t . • . 

Where casks are not available a spechd roller (ftgr. 56)' may be nseO. 
Ihia roller Is held by two men and the pdnton Is pntled over it and 
on to the wagon as indlca,ted above or by itteans of a cable looped 




Fio. 65. — ^BetoAding' pontons by casks.. 

about the , mooring posts of the boat and leading directly np the 
axis of the wagon, the team being cut to one. side; Care must be 
tulien not to Injure tbe ponton on' the. wagon i-standftrds.: ■ 




Fig. 56. — Special roller. 

37. Seeand (flg. 57) .-^The wagon ly imllvlbered nA^ the front par^ 
lowered to the ground ; in this .poftltiea«4he balks form an inclmedi 
plane, up which the ponton can be slid into place. The wagon ls| 
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Fio. 57. — ^Beloading pon'tpns .by unllmbering. 

then limbered up. To facilitate the latter operation the ponton shouli^ 
be slid about o feet beyond its proper position on the wagon. Thfl 
load will then be nearly balanced over the rear axle, which will allo^ 
the front part to be easily raised. 




Fio* 58. — Reloading pontons by lowering rear wheels. 

38. Third (tig. 58).— .Holes about 18 inches ia depth are dug I< 
the ground to receive the rear wheels of the wagon ; when the wheels 



are thiu lowered tke rear ends 4i£>ldiA'^telk» vUi leet «&.ov near the 
eronnd, asd on the UicUned plane tfaue fprioed toe ponton le aUd 
mto place. ... 

39. Fimrth (fig. 69). — The ponton ft* placed 20 feet from the wagon 
and parallel to the position ft \» to have when loaded. A chess ia 
laid on the side rail of the wngon nearest to the poaton. Three balks 
are ^aced so that one end ol each shall rest on the gisoand* touching 
the ponton, and so that points. 5 feet fvom the other end shall rest 
OP. the cfaesa above mentioned. l?he balks are perpendicular to the 
side rail; the first rests «oi| it over the iorward wheel, the third in 
fiont of and In contact with the hind wheeli and the second half way 
between the- two*- The ponten is slidvp the ramp thus formed, until 
it touches the hin4 vheel, when the lower ends of the balks are raised 
until the ponton oan clear the wheel; it is- th«n puahed into place and 
the chess and three. balJcs.remQved. 



Fid. 69. — Reloading p<jiitons by the side. 

40. Reloading the light pontons. — A suitable detail Is provided for 
each ponton. The ponton is brought up to the ban.k and thcr chess 
and other articlesfire removedt The -toon ton is then (Carried on shore, 
the men taking hold in pairs as it leaves the water. If there be 
much water in the ponton, it Is advisable to unlash the cover at the 
river end to permit the water to run out as the boat is lifted. The 



cover is then removed and the frames taken apart for loading on the 
wagon. The wet coyer is folded and laabed on top of the chest 
until the first opportunity Occurs for drying it, when it Is dned, re- 



folded, and placed in the chest. Wet covers shonld not be Istored in 
the chests. 

41. lioading mdAr awte«M.^-Siiltab]e details arc made for loading 
t^e other material., The Ipadl^g is sliMown.in figures 23 to 28 and 
hi to 36 and described in paragraphs 19 to 22 and 37 to 39, chapter 2. 

42. Trestle bridges^ — Ttiey are oi twot descriptions ; First, those built 
on the land; second, those built o\t?r a watercourse. Under the first 
head are included bridges built over dry ravines, over, marshes, and 
over streams which are too shallow to float a ponton; but In which 
the pontonler6 can 'wacie when placing the trestles. Such bridges 
are constructed in the following manner : 

43. Trestle bridge on land (fi£ 60).. — The abubnent slU is pla<ied as 
in ponton bridges and cords 20 feet lobg are stretched horizontally 
from the ends of the sill in ,a. direction parallel to the a^ls of the 
bridge. The ends 6t these cords will indicate the position of the caJ) 
of tlie first trestle, and from their height above the ground may be 
e.stimated the distance Hrhich the legs are to be thrust through the 
cap. 

The members of one trestle are brought up and assembled in a 
horizontal position with the cap toward the abutment and the points 
of tlie lees over 'the places they are 'to occupy. , The tresple Is then 
raised Into a vertical position, and the exterior b^lks of the abut- 
ment bay are placed. 

If the cap is now found to be out of the proper level, the correct 
position should be marked on the legs with chair, the trestle lowered 
to the ground, the correction, made, and the trestle again raised ; the 
five remaining balks are then placed. The remaining trestles are 
placed in a similar way, and the flooring is laid. as in ponton bridges. 
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44. Trestle brMge oTtr a wstercMme (fig. 01).^— The abutment sill is 
laid in the usual manner, and a raft is constructed of two_pontooi 
connected by two balks lashed to the outer lashing hooks. The raft 
is partially decked by laying chess between and parallel to the balki, 
thus covering the first ponton and part of the second. On this nSi 
the members of the trestles are placed, the caps and legs on the balki 
and over the second ponton, and the wedges and shoes In the bow and 
stern of the first ponton. The raft is brought opposite to the abnt- 
ment, and is, at the commencement of the operation, held in posltioo 
by the cable men with their shore lines; afterwards by cables from 
up and down stream anchors. 

A trestle (fig. 62) is assembled with its cap resting on the ends 9i 
the balks which overhang the first ponton or the raft, its legs hoii- 
Eontai and pointing toward the abutment. The trestle being righted 
and the balks engaged on Its cap, the raft is pushed off and the balks 
are engaged on the abutment silL The position of the trestle u 
accurately adjusted by the cable men (fig. 63) and the legs an 
thrust down and driven with a maul into the bed of the stream. 
To allow for the tendency of the legs to spread apart when driveg 
into the ground, they should, when first touching bottom, make a leu 
angle witn the vertical than 11*". As soon as the legs are settled inta 
place the pihis and wedges are placed and the raft is dlflengaged. Tb( 




Fig. 6(X — ^Trestle bridge on land. 



remaining trestles are similarly placed, and the roadway is finished 
as usual. The trestle bridge depends for its stability upon the 
strength of the claws on the balks and- upon the immovability of the 
abutment sill ; the importance of picketing thc^ latter strongly will 
therefore be apparent. Though the trestle is In every respect In- 
ferior to the ponton bridge, yet the facility with which tresfles may 
be constructed on the spot, whenever the requisite lumber can be 
obtained, renders this method very important. There are always an 
.abundance of men in an engineer company who can construct rough 
trestles which will answer every purpose. 

The bridge is dismantled by bringing up the raft and reversini 
the operntlon Just detailed. 

45. Bracing trestle bridges. — To prevent a trestle bridge from col- 
lapsing, diagonals are sometimes Inserted between the trestles. Thti 
mav be done bv driving poles in a slanting direction Into the bottom 
of the river and then spiking them to the caps, or by spiking diagonals 
on the trestle legs. The continuous passage of troops in the same 
direction has a tendency to overthrow the trestles, particularly whoo 
the floor of the bridge is not level. 

IMPROVISED FLOATING BRIDGES. 

46. The same principles are applicable in this case as in that of 
ponton bridges, whether boats of commerce, timber rafts, barrel piers, 
or other supports are used. 
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Where boats of eommeree are used the following additional pre- 
lautiong, however, must be observed : 

As the boats are not usually of a uniform stae, the length of the 
tialks for each bay should be so proportioned to the capacity of the 
Iwat which sustains them that the bridge will not be endangered 
even when the bay is covered with as many men as can be crowded 
»n it. 

The boat next to each abutment must be strong and large. 

Large boats should be selected for the strongest part of the cur- 
rent, so that they may bi* as much separated as possible. The bridge 
vUl then offer less obstruction to the current, and will also be In less 
Sanger from floating bodies. 





Pig. 61. — ^Trestle bridge over a water- 
course. 



Pig. 62. — ^Trestle 
assembled. 



The Intermediate boats should increase or diminish in size gradu- 
ally to avoid a sudden change In the level of the roadway. 

The gunwales of the boats should be brought as nearly a? possible 
to the same level. This Is effected by cutting down the larger boats 
or loading them until they are sufficiently deep in the water; this 
latter expedient increases the strain on the cable and should not be 
resorted to in a strong current. Jn the smaller boats the gunwales 
must be raised, or a trestle, composed of a bottom and cap sill, united 
by stanchions of the proper length, is placed in the axis of the boat 
and kept vertical by braces. 

The oalks, when timber of sufficient dimensions can b« procured, 
should be lashed over both, gunwales of the two boats on wnich they 




Pig. 68. — ^Trestle raised. 

rest. If the timber is not sufficiently long to admit of this arrange- 
ment, the following course is adopted : The balks of the first bay rest 
on both gunwales of the first ooat ; in the second bay the odd- 
numbered balks rest on both gunwales of the first and on one gun- 
wale of the second and the even-numbered balks on one gunwale of 
tbe first and on both gunwales of the second ; the odd-numbered of 
the third bay rest on both gunwales of the second and on one gun- 
wale of the third boat, etc. 

If a bridge thus made is subjected to the action of waves, the oscil- 
lating motion produced will soon loosen the balk lashings and destroy 
It and the use of saddles will be necessary. 



S2 7t99K>ff*]^»ni4«. 

IBSPPO VISED PIUB DBIVSB, 

47. Wlien an ordinary pUe drlvei: is not ayailable one may be la 
provised from th^ material contained In the bridge train In the fa 
Iowln£[ manner (jSg^ 64) : A yaft Is formed of two pontons coverel 
-witli balk3 and chess ; on the side rails are laid two balbs It h, wbici 
are secured to the pontons by bolts and lashings. Two balks c o ^ 
placed vertically, notched 2 inches deep, and bolted, to the balks b 1 
Xhey are stayed by the balks d d ana the guys r r and by a cap j 
The hammer 7^ 1& a log of heavy wood, about 16 Inches In dlamctfl 
and 4 or .5 l^et long, smoothed on two opposite, sides to fit betwee 
the balks c c. Two pins are driven Into the hammer on each &id 
near the top and bottom to serve as guides. A single block Is attacbie 
to the cap by a ting bolt or rope ; through this block a fall Is passe 
provld/^ with a hook at one end for the purpose of attaching it tl 
the hammer. To the other en^ a number of balk lashings ail 
attached, by means of which the hammer is raised by men on t]i 
raft. The riif t lis held in position by three 8Achors» the cables froi 
two of which are attached to the bow and that from the third t 
the stern of the raft. | 

AIDS TO PASSAGE OF BRIDGES. j 

4$. Ramps.— Abutment bays and approaches should not be steep^ 
than 1 : 7 for artillery nor than 1 : 10 for other wheeled transportatioij 
Wh^e the slope is steeper than 1 : 20i cleats should be nailed to tM 
chess in wet weather to give the animals a footing. I 

49. Cover for the roadway. — The travel on a bridge BOOn wears oat 
the chesSr while the noise and 9Upperlness of the latter are alarming 
to animals. The chess should be covered, whenever possible, to pre- 
vent these troubles. Straw and weeds about 6 inches thick, earth 
not over li inches thlqk, ^and not over 1 Inch thick, or other suitable 
covering, may be used between the side rails. 

50. Guard rope. — ^Animals sometimes become confused and alarmed 
in pasing over running water, ^nd may even leap ofl! the bridge. To 
'Increase their confidence a. guard rope may be stretched between stakec 
lashed to the side rails. ' . . 

RULES FQR^.TBE CARE OF BRIDGES. 

51. An' engineer officer, " with " a suitable detail of engineer troops 



be strictly complied with by all persons crossing the bridge. (Far 
103, F. S. R., 1914.) 

When a body of troops approaches the bridge its commander is in 
formed of any special provisions to be made for passage. Cavalr; 
and other mounted troops cross Va column of two, the men dlsmounte 
and leading their horses. 

Officers and men indtvidnaily mounted ate warned to dismount am 
lead their mounts should the latter be restless. 

Infantry cross in column of squads at route step. Artillery croa 
with intervals of at least one bay between carriages of light artUler 
and of at least two bays between carriliges of heavy artillery. 

Wagons and trucks cross with intervals of one or mone bays, d< 
pending on their loads. Wheels of vehicles must not be locked o 
the bridge. Vehicles that are too heavily loaded will be required 1 
remove part of their loads before entering the bridge. 

As soon as they have passed off the bridge troops and vehicles ij 
crease the <galt for a reasonable distance in order to clear the ex 
promptly. 

' In crossing cattle and loose animals, groups of from, five to six on. 
are admitted to the bridge at one time. 

Columns of troops will not be allowed to pass each other on tl 
bridge. When two columns approach the bridge from opposite dire 
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tlons both are halted until the officer in charge decides which is to 
pass first. 

Halts on the bridge should be avoided, but if necessary to halt a 
column or part of it oo the bridge to stop dangerous oscillations or 
repair dalhage the necessary directions for halting and resuming the 
march are given by the officer ill charge. , ' . 

^?he si<ie rails and the portions of the chess outside of them are 
f6r the use ot the bridge detachment, and their use by other persons 
Will not he permitted. , . .^ ^ . 

52. Guards. — In ad(£ltion to the troops assigned to the defense of 
the crossing a special bridge guard is established when necessary 
under the orders of the officer ixr charge. The bridge guard posts a 
sentinel at each extremity to give warning of the approach of col- 
umns and one or more sentinels on the bridge to watch for floating 
objects liable to injure the bridge. These sentinels give warning 
When the bridge is in danger from any cause and see that the 
regulations for passage are complied with. 

•63. To prevent damage to the bridge from floating objects a detach- 
nlent in boats is stationed at different points across the river about 
1,000 yards above the bridge. The detachment is provided with 
cibles. Anchors, gmpnels, hammers, etc., and should tow all dangerous 
material to shore above the bridge. If this can not be done, an 
anchor lii^e is made fast to the object and the anchor so cast that 
.t^e first strain on the cable will be oblique to the direction of the 
current ; the body will -then swing around and lose part of its mo- 
mentum, thus relieving the cable of & portion of the strain. Patrols 
shouln be sent farther upstream to watch for dangerous floating 
oMectS. 

o4. The work of the guard may sometimes be lightened by con- 
structing above the bridge a boom, composed of trees or logs, united 
by cl^ainS( and forming a continuous barrier to floating objects. It 
Should form an angle of about 20** with the current, which will re- 
otilre the length to b0 two and three^uarters times the width of the 
mer. As a boom Is not a reliable protection. It should be efrtablished 
•at a considerable distance above the bridge. 

56. Other precaations. — Where much drift is expected the bridge 
should have several draws provided for the passage of floating bodies. 
In freezing weather the cables should be protected with cloth or 
marline or by wooden housings extending each way from the surface 
of the water. 

66. The officer in charge of the bridge will freauently inspect the 
en hies to see that they are not <^afing and that the anchors do not 
drag. He will cause rack lashings to be tightened when they work 
loose and pontons to be bailed when they leak or ship water. 

67. There should be collected near the entrance to the bridge a 
supply of spare balks, chess, cordage, etc, with which to rq^air any 
' lury to the bridge. 
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TRANflPORTATI<nv OF BRIDOB BQUIPAGB. 

1. ShipBMiita hf rML — ^xiton equiiMtge Will preferably be Bbipped 
with all carriages f«lly loaded, toncaes removed, front trucks, wnen 
practicable, turned 3.80 **, and all the wagons pointing in the same 
direction. Any other method of loading wfll InvolTe much loss of 
time, both at point of shipment and of delivery. Bnd-opening gondola 
cars are preferable, but .flat cars can be used. The 40>foot car is 
preferable for this purpose. Cars shorter than 86 feet are unsuitable. 
The following is ttie number of 40-foot cars required for shipment of 
the equipage as above indicated: To each dtrlaion of light equipage, 
7 cars; to each division of heavy equipage, 1^ earf. Ii 86-foot cars 
have to be used the following numbers will be required : To each 
division of light equipage, 12 cars; to each fiivision of heavy equi- 
page, 13 cars. 

it. Where mixed lengths of oars are used the numbev required for 
the heavy eqjoipage may be determined from the following data: 
Eacb 40-Eoot ca« will carry one ponton wagon and one chess wagon, 
or one ponton wagon and one tool wagon, or one< Irestle wagoo and 
one ohesK wagon* or one trestle wagon and one tool wagon, or two 
chess wagons or two tool wagons, ot one chess wagon and dne tool 
wagon. Each 86-foot car will carry one ponton wagon or one trestle 
wagon, or two chess wagcms or tWo tbol Wagons, <« one chess wacon 
and one tool wagon. A balk wagon takes the same space as a ponton 
or trestle wagon. With care three chess wagons can be loaded on a 
40-foot car, but It should be done only in an emergency. 

3. In loading a division of heavy equipago on 40-foot earB the* fol- 
lowing arrangement is preferable : One car, one tool wagon And. one 
trestle wagon; four cars, one ponton wagon and one chess wagon 
each ; four cars, on<i ponton wagon eaeh } onb car, one trestle wagon. 
Five of the^ cars may be d6<^foot cars without afTecting the load- 
ing. An arniy wagon or a company tool wagon may be plaoed on 
each 40-foot car carrying but one ponton or trestle wagon. The 
wagons should be loaded from one end of the train. To load a pon- 
ton and a cheSs wagon on the same car the chess wagon should be 
loaded first and the ponton wagon run forward until the stern of 
the ponton overhangs the chess. 

In loading a division of heavy equipage on 36-foot cars the fol- 
lowing arrangement is preferable: One car, one tool wagon and one 
chess wagon ; two cars, one trestle wagon each ; eight cars, one pon- 
ton wagon each ; one car, two chess wagons : one car, one chess wagon. 

4. When mixed lengths of cars are used the number required for 



the light equipage is determined from the following data : A 40-foot 
car wul take any two carriages of the light equipage. If 86-foot cars 
are used, one car must be allowed for each ponton wagon, for each 



trestle wagon, and for each two of the other wagons. 

5. In loading light equipage on 40-foot cars, the following arrange- 
ment is preferable : One car, one .tool wagon and one trestle wagon ; 
two cars, one ponton wagon and bne chess wagon each ; three cars, 
two ponton wagons each; one car, one trestle wagon. An army 
irafTon or a compiany tool wagon may be placed on the car with the 
trestle wagon. 

In loading light equipage on 36-foot oars the following arrange- 
ment is preferable: One car, one tool wagon and one chess wagon; 
two cars, one trestle wagon each ; eight cars* one ponton wagon, each ; 
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one car, one chess wagon. An army wagon or a company tool wagon 
may be added to any car except the first. 

6. Entraining. — ^The cars are run on a siding with one end at a 
crossing, if possible. All brake handles are then removed and, in 
case of end-opening gondolas, the end doors are let down to give a 
crossing between the cars and a clear passage for the wagons. Load- 
ing should take place from one ei^d. Wooden crossings (fig. 65) are 
placed between nat cars, twb €b «a(»'-^ap,'to permit the wagons to be 
rolled steadily forward. A ramp (fig. 66), composed of a loading 
trestle (fig. 67), a horse (fig. 6^^ and material of the equipage is 
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. ' ^' Fio. 65.-«^Wooclen.bro«8lQg. ^ 

bvilt'at the end of the* train at -which loadiiig takeii place. A snatch 
block is ligged at' the far end <of tfeie cflr to which- t^ ramp leads 
and a rope<is ruh throogh* the .block. A loading hook ^Ag. 69) is 
fastened to the end leading directly down the ramp.. A. pur pf mules 
in lead harness, is hitched to the rope. As each wa^en is bnMght to 
the end of the ramp its team i» taken out And the loading. hook on 
the< Tope)is> placed in 'the ring at the end of thC'tongae. Two men 
take hold of the tcmgue and guide -the wagon whlie It is pulled aboard 
by thf mules attached to the end of the rope* ■ - 




Fio. 66.— Bamp. 



As soon as the wagon U aboard, the loading hook Is released and a 
suitable detail runs the wagon by hand to its place on the train. 
The other wagoi^s are brought "tip in turn and loaded in the same 
roahneh An officer or noncommissioned Officer sees that each wagon 
is properly placed 6n its car, tongue removed, front truck reversed 
when necessary, aild brake set, and then sends the detail to brlns up 
another wagon. . 

Blocking (fig. 70) .i— Each wagon is secured to the car by spiking a 
8' by' '4 Inch scantling on the inside and outside of each wheel, and 
to these -Tjcantlings are spiked three cross scantlings, one In front, one 
in rear^ and one through the wheel between the spokes. Each wagon 
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to be loaded wUl rcQalre 48 Unmr feet oC a %r 4 inch, seaotiliw. As 
JK>on,fta a wac^n- is blQcksd It is lasibed qn. vitb «.n anchor cables 
The method of laahiag a poaton wa^on Is. shown In figure 71. An 




FiQ«.97« — ^Trestle. 



alternatiye method is to make the cable |aat. to « stanehlon socket 
and reave it as follows: Hear lashing ring, midway stanchion socket* 
forward lathing ' ring, forward staunchlon socket, pass to other side 
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FiQ, 68. — Wooden horse. 

of car and reave. lir.Teverfle oirder. caqiag express cable in the boat. 
All wagon brakes are set and tied fas^^' with a^ Hushing. Wagon 
tcngrues may bh lathed to the Wagons qt placed, in the boats. Car 
brakes are then replaced and, if go^dojas 
are used, the end gates are iaiseoL _ ..". . 

7. LbadhtflT animals. — Animals are loaded 
in the usual manher, the officer in charge 
of the loading directing each team to pro- 
ceed to the carar wr soon as it W erfden* • 
that it will not be iteouired toc^ |!iictb6r; . 
hauling. Where no loading platforms are 
available ramps may be< built of the 
bridge matetiaL- A guard rope should: be 
run on each side of the Tamp. 

8. Care of equipage en rente. — An officer 
with a detail' of troops, and the necessary 
animals to .move- the wagons should ac*- 
company each . Sf ctlon - or train carrying 
ponton equipage. Two* men ride with the 
wagons, moving from car to car from- time to time to see that the 
material' rides well. When any of the material is seen to, be in danger 
the conductor is. notified. At stops all blocking and toshings are ex- 
amined and, If necessary, are put m order. 
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Fio. 69. — tK>ading hook. 



9. Detrninfaiff. — Detrainlng^ takes place from one end of the train, 
preferably that opposite from the one at which entraining took place. 
The blocks and lashing are removed and a rarap is constmcted If 
necessary. The brake handles are removed and crossings put in place 
between cars. The front truck of the first wa^on is turned around 
and the tongue Inserted. A block is rigged as for entraining. The 
loading hook is secured to the rear of the wagon, while a torn 
around a convenient object is taken with the other end of the rope, 
which is held by two men. Two men guide the wagon, which is then 
let down the ramp, the men on the rope slacking off slowly and stead- 
ily. As soon as the wagon is off the ramp its team should be 
attached and the wagon removed without delay. Other wagons are 
moved by hand to the ramp and unloaded in the same manner. 





Fig. 70. — Blocking. 

10. Time. — Where proper facilities are available a division of equi- 
page can be loaded or unloaded in two hours. 

11. Shlpmenta hy waiter. — It is sometimes desirable to move the 
ponton equipage by water. In such cases they may be rafted in the 
following manner : Each ponton is loaded with 20 chess and 7 balks, 
the latter uppermost. Rafts are then constructed by placing 4 pon- 
tons side by side; 2 balks are laid across their gunwales, one over 
the front and the other over the rear lashing rings and secured 
firmly to all 4 boats. The raft which is to be attached to the tow 
line of the steamer has a balk lashed to and in rear of its low mooring 
posts: to this the towline is attached. The remaining rafts are 
brought np In succession ; each raft is attached to the one In front 
by passing lines around two adjacent bow mooring posts of the two 




Fio. 71. — ^Lashing ponton wagon on car. 

middle boats and^ the corresponding stern mooring posts of the raft 
preceding. As a precaution against the accidental parting of any o^ 
these lines a cable should be stretched along the axis of the entire 
raft and made fast to the steamer. 

The number of rafts in a tow and the distance between them wilJ 
be governed bv the anticipated roughness of the water. In smootk 
water an ordinary tug will conveniently draw 40 pontons. 

Each raft should always have a crew of four men provided with 
oars for steering, and with spare lashings for repairing damages. 

When it is reoniTed to transport carrtagea they may be taken apurt 
and packed into the pontons ; but if the water is comparatiTely smooth 
the following is a better method: Rafts are formed of two poatMta 
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eoYered with a platform, thns presentiiic the appearance of one bay 
of a bridge. This platform, which is 27 by 18 feet, will carry four 
ordinary wagons, or four ponton wagons if they are nnlimbered. 

These methods of moying the ponton trains were used repeatedly 
in the campaigns of the Army of the Potomac, and were found to be 
more safe and expeditious than transportation in liahters. 

12. (hrcr-Ma tnmsportatloik — ^When equipage is to oe moTed oTernsea 
tbe loads are removed from the carriages and the latter are taken 
apart for shipment. In loading the following general rules should 
be observed : Bach wagon, its load, animals, harness, and driver, will 
all be on the same vessel. When practicable, pontons will be stored 
where they can be readily gotten at for calking en route and for use 
In landing. Harness for each team will be packed in sacks and 
plainly marked for identification. 

If the landing takes place at a wharf, each wagon will be set up, 
loaded, and driven off as soon as possible to dear the wharf. If the 
landing be by lighters, rafts may be made of the boats and used as 
lighters. Animals mav be swum ashore or, if the water be calm, 
may be taken aboard the rafts. 

13. Unloading transperts. — In quiet water pontons floored with chess 
may be used for landing supplies from ships. Six tons may be car- 
ried at a trip in smooth water. Field guns and, if necessary, siege 
guns may be landed in still water by the use of rafts. In quiet' 
water, a landing stage, conslstins: of a short section of bridge, may 
be built for convenience in unloading. 

14. InstractloB of drivers. — Drivers for the ponton equipage should 
be given instructionB from time to time' with a view to insuring pro- 
ficiency in handling wagons and teams on the march and in restricted 
positions. For the purpose, pontons of the equipage should fre- 
quently be taken over difficult roads and ground, and should also be 
caused to execute simple movements, following the general principles 
and methods prescribed for field artillery. 
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NOTB.— Htonb^n In parentheses reifer to porsforaphs; other ntixnT>ers retBr 
to pa^es. 

Blocking, pontons on railway cara, 88 

Boat, boats, 13-15. 

-r assi^uiMiit to trooiis, 14'(81HS3). 

section nttmbors, 5ft (35). 

— flat, 22 fig. 13. ' 

— floating bridges, 81. 
-^ fOroing a rivet pfiiasage; 13 <29) (27). 

— hook, 36 (17). 

drill, 53 (17). 

light equipage, 46(36). - 

-intervalTs^W. ' 

— oars, boat drill command, 63 (16). 

— preparation left treops, 14 (30): 

— scho<A«rill; 54-56. 

— to move sideways, 6&(27). 
turn. 54 (26). 

— use of, by CavahTr, 15 (36). 

— wagon body, 29. (60). , 
-Bolstetg,.47. 

Boom, to protect bridge, 84 (54). 
Bridge, bridges, with ponton, equipage, 

60-84. 

— by conversion, 72 (30); 75 fig. 52, 
dismantling, 74 (31).,, 

— 67 parts, 71 ftgTW; 7P-72. 
djsmantlhig,72 (28). 

— 67 rafts, 72 (?9)T73 fig. 50. 

— 67 successive pontons, 65-70: 66 figs. 
44-46. 

— -f^ — r-abuimiiUtseyUciu, 67 (17). 

• aDi'bMrag-c&, {i9 (24). 

ancUor secUons, <17 (18)* 

bal k C3rrier& j 6B (21). 

^-rr — ;r- Ushta-ij, 63 (30). 

caMe nmn, «7 (1ft). ' 

rai:riLi[same,70(2r>). 

-*• — -f — seij I it utie of eveoU^ 70 (25). 
sii i ■ -'■ Ml s.^'' iUi u, m (33), ■ 

— careol,82 . j. 

— constructiuii, 0*^0,. 
comparison of four methods, 74 

(32). 
~ Covering detachment for, 13 (26)i. 

— draw, 76 fig. fiS; 77 (33). 

— eqti^^affe, tr^m^tation, 85-8d. 
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Abutment, bay, 62.(8);.63 figs. 38-41^, 

64 figs. 42 and 43.- 
-tidal water. 63 (9). 

— use of saddle, 64. 
-section, 39 (8). 

. h-i.l'T.^ ■^■■■ir.pffisivs pontoim,«7-(17). 

AJ vjuH'^i , ii tj L u J i I (If i j i coco oiEiiid J 67 (43) . 

— giitud pontons, 5, " ^ 
Artcbor, iU]chors,:)9 ap^ 1&-2L 

— t/hineee, 26 (59). 

— drill, iJtitnb, 59. 

— J ight e q nijmg!&, 4fi (35). 

— poaton, 34 (17). 

— ssictlona, bridge liy suceasaire pon- 
tons, 67 (18). 

-tcJCflSt,55(2S>, 
-towefpti,55(29). 
Aiij;horaig6g, 25 (59). 

— bridge by 5Tio<*essiTe ptmt nns^ 69 (24). 
A3ilntalp, 4S (21). 

— bridge equipaKB. entratnlnt^, 87 (7). 

— 1 isht oqulpd|e , 4fi { ;Hi). 
Artillery , croggmp brldpe^ 83 (51). 

— crossing ford, 11 (3); 12 (15>. 
Attention, boat drul command, 52 (4); 

64(21). '• ' .: ^ 



Back, flotilla drfllc6mmand, 57 (44). ' 
Balk, carriers, bridge by succeosfve poi 
tons, 68 (21). 

— description, 36 (13). 

— lashers, bridge by successive pontons, 
68 (20). ■■...: ■ , 

—lashing, 68 fig. 47. . , 

— light eqiaipagei^e (33). 
Barrel, floaC29 (60); 30 fig. 22. 

— pier, lashed, 20 figs; 6-8. 
-raft,19(46)-21(48). 

frames, 19 fig. 4. 

lashed, 19 fig. 6: 20 fig. 9. . 

Bay, abutment, 68-64.. 
-length, 36 (13). 
Birago, trestle, 7.- 
Blacksmith, equipment, 32 (7)-3$. 

— supplies j 33-^4. . , . 
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DIDXX. 



xroSB.— XTumlMrs in pwrvnthMes refer to iMuragnudui; othar Biimba»T«te 



Cover, box. light eau^mge, 46 (35). 
-— ponton, Ught equipage. 46 (32). 
Oi:ossJng, railway, 86 flf . 65. 
Current, maximnm velocity for rafts, 90 
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Bridge, extended intervals, 77 fig. 54. 

— gabion, 30 (61). 
—•guard, of troops, 84 (62). 
rope, 82 (60). 

— heavy equipage, 32-43. 

— limiting conditions, 30 (61). 

— location of, 60. 

— military, 29 (61)-31 (63). 
requisites, 30 (62), 

— officer in charge, duties of, 31 (63). 

— parts, bridge by, 70-72. 

— pile, 30 (61). 

— ponton, comparison of four methods, 

— protection agubist damage^ 84 (65). 

— raft, 18 (42)7 

— ramps, 82 (48). 

— roadway cover, 82 (46). 

— rules for crossing, 82 (61). 

— site, 60. 

— saooeBsiv« pontoni^ 66-70; 66 figs. 44- 
46. 

— trestle. 30 (61). 
on land, 804g< 60. 

over water, 81 figs. 61-63. 
^29(61). 

extended intervals, 77 (34). 

Bucket, light equipage, 46 (36). 

— ponton, 86 (17). 

C, 

Caole, lifht equipage, 46 (3S). 

— men, oridgo by successive pontons, 67 
(19). 

— ponton, 36 (17). 

Canvas, cover, ponton, 61 fig. 36. 

— pontons, 7: S. 

Cast anchor, boat diffi, 65 (28). 
Cattle crossing bridge, 82 (51). 
Cavalry, crossmg hria^. 82 (51). 

— crossing ford, 11 (3); 12 (16). 
river, 16 fig. 1. 

— ase of boats, 15 (35). 
Chattanooga flying HBrry, 25 (58); 28 fig. 

18. 
Chess, description, 36 (14). 

— Ught equipage, 46 (34). 

— section, bridge by successive pontons, 
60(22). • 

— wagon, load, 32 (6); 88 (20). 
l^ht equipage, 46 (27); 47 (38). 

— wagon, loaded, 89 fig. 25. 

light equipage, 48 fig. 33. 

Chest, light equipage, 46 (35). 
Chinese anchor, 29 fig. 21 

Civil War pontons, 7. 
Collar, rack, 86 (17). 
Column drill, flotlHa, 58. 
Commands, pontonler drill, 82-64. 
Conversion, oridge construction, 72 (30). 

— constructing bridge, 76 fig. 62. 
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tot ferry, 21 (61) (52). 
D. 



Damage to bridge. 84 (63). 
Debark, boat dnll, 66 (30). 

— flotilUdriU,69(60). 
Detraining, ponton equipage, 88 (9). 
XMsembedation of troops, 14 (34). 
Dismantling bridge by oonveralon, 74 

—bridge by parts, 72 (28). 

successive pontonsr 70 (26). 

DlvisSon, pontoa, 32 (3). 

— supply, 36(8). 
Drawbridge. 76 fie. 63; 77 (33). 
Dress, flotllk drill oommand, 67 (42). 
Drift, bridge protected against, 84 (55). 
DriU, boat, 61^9. 

Drivers, pontoa wagons, 80 (14). 



Embark, boat driU, 64 (20); 66 (38). 
Embarkation of troops, 14 (31H34). 
Entraining pontons, 86 (6). 
'^ ' 9, bridctt trani)artation of, 



— heavy pqntoiw 82-43. 

unloading, 61 (6). 

-light. 43^. 

— — unloading, 61 (7). 

— ponton, care of on railway. 87 (8). 
Equipment, blacksmith, 32 (7)-SS. 

— miscellaneous, 34* 

— saddler's, 34. 
Exerctsw, boat drIU, 64 (24). 
Extended Interval, ponton bridge, 77 

F. 



.13; 28 fig. 18. 
tanandQ9e,21(53)-24(54)j 



Perry. 21 (491 

— flyiQg,^fl 
consuttu 

26(56)-(fl9). 
raft, 26 fig. 16; 25(66) (57j. 

— raft, barrel, etc., 26 (67). 
pontons, 25 (56). 

— rope, 2a fig. 10; 2l]60). 

— trafl, 24 fig. 14; 27 fig. 17; 26 (55). 

— — construction and use, 26 (56H59) 

— utflizing current. 21 (61) (82). 
Flat boats, 22 fig. ll 

Float, barrel. 29 (60); 80 fig. 22. 

— hay, 25 (60). 

Floating bridges, 80 (46)-81. 



BTOBZ. 



Flotilla, moTements, 57*^. . 

— sctxMl,66-<9. 

Flying ferry, 18 <44); 33 fig. 13; 28 fi^. 18. 

— ferry. C&attaiiooga» 26 (6S). 
raft, 26 fig. 16. 

Forced mardies, loads, U|^t equipage, 51 

(42). 
Fords, allowable depths, 11 (3). 

— destruotion of, 12 (19). 

— improvement of, 12 (10H12). 

— locaUoD of, 11 (7)-12 (»;. 

— passage of, 12 (13H18). 

— requisites for, 11 (4)-(6). 
Forward mandi, boat drill oommand, £6 

(39). 
Fredericksburg campaign, 8. 
Frame , ponton, 45 fig. ao. 

— p<mtoQ, light equipage, 45 (31). 



Gabion bridges. SO (61). 

GiTO way, boat drill oommand, 52 (7); 

64(26). 
Grip, rope. 22 fig. 11. 
Guard, of troops, bridge, 84 (52). 
— rope, 82 (60). 

H. 



Halt, flotilla drUl eommand, 57 (41). 
Harness, 43 (24); 44 fig. 29. 

— light equipage, 46 (36). 
Harpers Ferry, 7. 

Hay float, 26 (60). 

Heavy equipage, organisation, 82 (2). 

— equipage, rairwny. cars necessary, 85 
(2) (3). 

use, 32(1). 

Hold water, boat drill oommand, 52 (7); 

63 (10). 
Hook, boat, 36 (17). 

— boat, light equipage, 46 (35). 
^ loading ftar railway, 87 fig. 69. 
Horse, swimming stream, 15 fig. 1. 

— wood, for loading railway oars, 87 fig. 



loe. bearing power of, 13 (21). 

— improvement of, for river passage, 13 
(22)-(24). 

— - passage of river on, 12 (2D)-13 (26). 
India rubber pontonsj 5. 
Infantry crossing ford, 11(3); 13 (14). 
Intervals, extended inrnton bridge. 77 
(34) 

— flotilla drfll, 57 (47)-58 (48). 



J. 



James River, 8. 



Lashing, balk, 68 fig. 47. 
— IMit equipage, 46 (35). 
I^iashing, ponton 34 (17). 



} fig. 71. 



— ponton on railway ear, i 
~rail,60iig. 48. 
Leeboards725 (58). 

Ut faU, boat dritt command, 52 (6); 63 

(9H15). 
Light equipage, 82 (1); 43-51. 

— equipage, organization. 43 (26). 

railway cars for. 85 (5). 

weights, 50 (41), 

Loading ponton equipage on railway, 

88 (6). 
Loads, wagon, light equipage, 46>61. 
Logs, raft, w;40). 



Marches, foreed, loads, light equipage, 

Mexican Wsr, fi. 
Miscellaneous, equipment, 34. 

— supplies, 34. 

O. 

Oars, boat drill command, 52 (7); 53 (9). 

— light equipage paddle, 46 (36); 54 (18). 

— ponton. 86 (17). 

Oblique, flotilla drill conunand, 57 (45). 
Obstacles, use in fords, 12 (19). 
Organisation, 32. 

— light equip<ige. 43 (25). 



Paddle, boat driU, 54 (IS). 

— light equipage, 46 (35). 
Panniers, anchor, 29 fig. 20. 

— stone, 25 (59). 

Parts, ponton bridge construction, 70 
(27). 

— spare, 35 (7Ht». 

Personnel , bridge by successive pontons, 
65 (13). ' * -^ *~ . 

Picket. pickets,light equipage, 46 (35). 

— ponton, 36 (17). 

Piers, barrel, 19 (46>-21.(48), 

— barrel]aBhed,20flgB.<^& . 
Pile bridges, 30 (61). 

— driver, 82 ("47); 83 fig. 64. 

Ponton, bridges, comparison of four 
methods, 74 (32). 

— bridges, methods, 64 (12).77 (35)^ 
shallow water, 62 (8). 

use ol trestle, 62 (8). 

— canvas, 7; 43-52. 

— carrying, 13. (28) 
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Ponton, capacity of, 14 (29). 

— Civil War, 7. 
—corrugated iron, 6. 

— cover, lipht equipage, 46 (32). 

— description, 30.(11), 

light equipage, 45 (31)-46 <32). 

— divisions, 32 (3). 

— drivers, 80 (14). 

-T- equkiage, care of <m railway, 87 (8). 
history, 5-10. 

— final choice, 10. 

— foreign, 6, 

— frame, 45 fig. 80. 

light equipage, 45 (31)^ . 

. — heavy equipage, 82-48. < 

— light equipage, 43-51. 

reloading, 79 (40): 

use of canvas, 61 fig. 86. 

— organization of heavy equipage, 32 
(2). .T- 

— rjift,17fig.2. 

SIX Doat, 25 <66); W-flg. IB. 

two boat, 16 (37) (38). 

-^reloading, 77 (35); 78 tigs. 56-«8;79 
fig. 59. ' 

by lowering wheels, 78 (38); 

the s;ie, 79 (39). 

by unlim ^<erihg wagon, 78 (37). 

— rubber, 5. 

— section. 32 (3). 
—shipped by water, SS (H). 

— tool wagon, load, 32 (7)-35. 

wagon load, light equiT>age, 50 (40). 

— toois, sparfc t)arts, 35 (7)-'(9). ' 

— train, requisites to be fulfilled, 5. 

— use of heavy equipage, 32 (1). 

— use of light equipage, 32 (1). 

— wagon, load, 32 (i)-35; 36 (19). 

load, light equipage. 45 (26); 46 (37). 

loaded, 37 fig. 23; 38 fig. 24. 

light equipage, 46 f^. 31; 47 fig. 

— wagons, 7; 36 (18)^1 (42). 
Pontonier ScfaooL 52-64. • 
Pump, 36 (17). 

— light equipage, 46 (36). 



Rack, cojiar, 3-3 (17). 

— stick, 36 (17). 

—sticks, light equipage, 46 (35). 
Raft, 15 (36)-21 (48). 

— barrel, 19 (46)-21 (48). 
■ framed, 19 fig. 4. 

■ lashed, 19 fig. 5; 20 fig. 9. 

— bridge ccrfBtmction, 72 (29). 
— constructing bridge, 73 fig. 60. 
— embarkation rules, 21 (48). 
— expedients, 25 (60). 

— flying ferry, 26 fig. 16. 



Raft, log, 16 (40). . 

— lozenge for flyhig ferries. 18 <44). 

— maximum current, 30 (61), 

— ; ': 16(;J7HS9>. 

— I J m hiM, 10 (40 ) ; IS ^. 3. . 

— 1L-5P in bridge?, 18 H2}; 18 (45). 

— tisfi of, 1/3 {a(i)"l« fhl 

— us?t cushr^rt lops, 18 (4Sk 

— oijy; of two taoflts, J6 (3*) (SB^. 
Rail Lishinpt 6SlfljE[. 4S. 

— tnmsprn1iv1:ion, brld|irQ equipage, 85-891 
RaihYiiy cars tor pciuttu^, S5l i 

— erasalB^, gS fig. <i5. 

— transportation, 8fl fig. 65-83 ftp, 71. 
Romp, 8fi fit, 66. 

Riimr^^, UriiLj^ji, A3<4*). 
Rcioudliig iii^j.% y pontons, 77 (35). 

— heavy pontons by barrels, 77 (36). 

— light pontons, 79 (40). 
Reserve pontons, 5. 

Rest, boat drill command, 53 (16). 
Rivers, passage by boats, 1^5. 

— passage by femes, 21 (49)-28. 

bv rafts. 15 (36)-21 (48). 

of, 11 (t). • . • 

on ice, 12 (20)-13 (25). - 

— reconnoissanco oFcrossing, 11 (2). 
Road surfacing 82 (49). 

Rope ferry ,21 (SO); 22 fig. 10. 

— grip, 22 fig. 11. 

Rules, care of bridges, 82(51). 

S. 

Saddle transom, 36 (16). 
Saddler's equipment, 34. 

— sui)plies, 35. 

Salute, boat drill, 65-i2tl), - 
School of flotilla, 56-69. 

— of the boat, 54-55. 

the pont(mier, 62-^. 

Scoop, light equipage, 46 (35). 
Scull, boat drill command, 53 (12). 
Sea tran^pottationof pontons, 80 (12). 
Section, abutment, 32 (3). 

— ponton, 32 (3). •' 
Sheer line, 25 (55). 

Sl^bment of pontcki equipage by water; 

Shove off, boat drill command, 64 (23> . 
Side-rail section, bridge by successivt 
pontons, 69 (23). I 

Sifi descrlptiMi, 36 (16). 

— light equipage, 46 (35). 
Site for bridge. 60. 
Spare parts, 35 (7H9). 
Steel pontons, 6; 9. 

Stem all, boat drill 'command. 53 (11). 

Stick, rack, 36 (17). 

Stone pannier ancnor, 29 fig. 20. 
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VOTB. inmitMra in pwrvnthMes r«ter to pangraphs; otiMr numtMra reflsr 
to pases. 



Streams, survey, eo (3). 

Successive pontans, bridge, 66 ilgs. 44-46. 

Supplies, blscksmith, 33-34. 

— misceUaDeous, 34. 
—saddler's. 36. 
ftipply divisiac, 35 (8). 

T. 

Timber raft, 18 fig. 3. 

Tool, wagon, compartments, 41 (22)-43. 

— wagon, light equipage, 45 (29). 

ponton, load. 32 (7) -35. 

light equipage, 60 (40). 

Towing ponton rafts, 88 (11). 
Trail, boat drill command. 63 (13). 

— ferry, 24 fig. 14; 27 fig. 17. 
Transom, 17. 

-saddle, 36 (15). 
-light equipage, 45 (31). 
Transportation, bridge equipage, 85-89. 

— pontons, oversea, 89 (12). 

— railway, 86 fig. 65-88 fig. 71. 
Transports, unloadixig pontons, 89 (13). 
Traveler, trail ferry, 24 fig. 14. 
TresUe, 62 fig. 37-63 fig. sS. 

— birago, 7. 

— bridge, failures, 9. 

on land, 79 (43); 80 fig. 60. 

over water. 80 (44); 81 figs. 61-«3. 

— bridges, bracbig, 80 (45). 
description. 79 (42). 

— description, 36 (12). 
-light equipage, 46 (35). 

— loading for railway, 87 fig. 67. 
-soft bottom, 64 (11). 

— wagon, load, 32 (5); 38 (21H1. 
lieht equipage. 49 figs. 34 and 35. 

— water, umltmg conditions, 30 (61). 
Troops, crossing bridge, 82 (51). 

— disembarkation. (34). 

— embarkation, 14 (31)-15 (35). 
Turns, flotilla cbrill, 57 (46). 

U. 

Unloading, equipage, 61. 

— pontons from railway, 88 (9). 
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Unship, boat drill command. 53 (14). 
Up oars, boat drill command, 52 (5); 54 
(22). 



~ body, use of as boat, 29 (60). 

— chess, load, 32 (6): :^$ (20), 

— light equipage, 4& (27). 

[oaded. 39^fig. 35. 

iight equkmge, 4g fig. 33, 

-^ CTtisRing rords, flT3); 12 05)' 

— drivers H pontoii, St* (HI- 

— imdf cheAS, liKht equipagej 47 (38). 
forced man h, 51 (43). 

^ — prtiituQ, liijhl eqmpane. 4G (37). 

— - I res Up. llg^t equipage, 47 (39). 

— Icjudin;;, 70 ill). 

— hitwis, w«lghiaJIgbt«quJpiige,50(41). 

— ponton, 7. 

load, 32 (4); 36 (19). 

light equipage. 45 (26). 

— tool, loaded. 42 fig. 28. ' 

ponton, load, light equipage, 50 

(40). 

loaded, 37 fig. 23; 38 fig. 24. 

light equipage, 46 fljg. 31; 47. 

fig. 32. 

— pont^jeloadlng, 77 (35)-79 (40); 78. 

— tm^ typis, 36 (I8). 

tool, compartments, 41 (22H3. 



— v*«,v... ..^, «. v«„ «« (21)-41. 

light equipage, 46 (28). 

loaded, 40 fie. 26; 41 fig. 27. 

light equipage, 49 figs. 34 and 36. 

— used as raft, 29 (60). 

— weights of equipage, 43 (23); 50 (41). 
Way enough, boat drill command, 62 

(y)-53 (8). 
Welrii anchor, boat drill command, 56 

Weights, equipage, 43 (23). 

— light eqidpage, 50 (41)^1. 
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PONTON MANUAL, 

Changes \ WAR DEPARTMENT. 

No. 1. / Washington, June lit, 1917, 

Paragraphs 2, 7, and 25, chapter 2, Ponton Manual, Unite<l 

States Army, are changed as follows : 
Add the following footnote to paragraph 2, chapter 2, at bottom of 

page 32 : 

* Tables of Organization, 1017, assign to the Engineer train of each 
Infantry division two ponton divisions and 1/3 supply division, except 
pile driver and spare ponton tool wagon. The two latter will bo as- 
signed to advance depots in proportion of 1 to each 3 Infantry divisions 
supplied. (C. P. M., No. 1, June 15, 1917,) 

[2619756, A. G. O.] 

Par. 7, Chap. 2. On page 34, add to the list under " Miscellaneous 
Supplies " the following : 
8 king bolts. 
100 cotters, assorted 9(zes. 
10 dowers for balk, complete with bolt and nuta 
15 open littks. 
22 linchpins. 
22 linchpin washers, 
(C. P. M., No. 1, June IS, IW.j 
[2619756, A. G. O.] 

Add the following footnote %q pajniKraph 25* chapter 2, at the bottom 
of page 43 : -t ; 

* Tables of Organization, 1917, contemplate that one complete train 
of light equipment shall constitute the ponton section of the Enginuer 
train of each Cavalry division. (0. P. M„ No. i, June 15, 1917.) 

[2619756, A. G. O.] 

By oboeb or the Secbetaby of Wab : 

TASKER H. BLISS, 
Major General, Acting Chief of Staff, 
Official : 

H. P. McCain, 

The Adjutant General, 

1047'J0'-17 
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